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F HE  Authors  of  Original  Papers  in  the  present  Volume, 
are  Joseph  Huddart,  Esq.  F.  R.  S. ;  John  Dalton  ;  Everard 
Home,  Esq.  F.  R.  S.  5  Mr.  John  Gough  ;  Robert  Briggs, 
M.  D. ;  Mr.  Ezekiel  Walker;  Mr.  John  Farcy;  Mr.  Fre¬ 
derick  Accum;  Sir  A.  N.  Edelcrantz;  Richard  Chenevix, 
Esq.  F.  R.  S.  and  M.  R.  I.  A.;  Mr.  R.  Winter;  Mr. 
James  Stodart ;  Mr.  T.  Jones;  W.  H.  Woollaston,  M.  D. 
F.  R.  S. ;  J.  M.  Elliott;  Mr.  William  Close;  Mr.  W. 
Jones,  F.  Am.  P.  S. ;  C.  Wilkinson,  Esq. ;  Mr.  J.  C. 
Elornblower;  Mr.  J.  J.  Hawkins;  I.  R.  I.;  Mr. 
Sharpies;  B. 

Of  Foreign  Works,  j.  h.  Hassenfratz;  Thenard;  C.  L. 
Cadet;  J.  B.  De  Roover;  M.  L.  Schnaubert;  Professor 
Proust;  Klaproth;  Count  de  Bournon;  Brugnatelli;  Ritter; 
Benzenberg;  S.  P. ;  Bouvier;  Wolff;  Dyckhoff;  J.  B. 
Van  den  Sande ;  Berthollet. 

Of  English  Works,  abridged  or  extracted;  Rev.  Richard 
Yates,  F.  R.  S. ;  Mr.  Tho.  Willis  ;  John  Playfair,  F.  R.  S. ; 
S.  H.  C.  Englefield,  Bart.  F.  R.  S. ;  William  Herschel, 
L.  L.  D.  F.  R.  S. ;  T.  S.  Dyot  Bucknal,  Esq.  M.  P. ;  Ben¬ 
jamin  Smith  Barton,  M.  D. ;  John  Stockwell,  Esq. ;  Mr. 
John  Cowie. 

Of  Engravings  the  Subjects  are,  1.  Station  Pointer  for  de¬ 
termining  the  precise  Situation  of  a  Ship  or  Vessel  from  two 
Horizontal  Angles,  by  Joseph  Huddart,  Esq.  F.  R.  S.  2. 
Mr.  Dalton’s  Scheme  for  shewing  the  Distribution  of  the 
Particles  in  Mixed  Gases.  3.  Diagram  to  shew  the  Method 
of  constructing  and  computing  the  Situation  of  an  Observer 
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from  the  Angular  Pofition  of  Three  known  ObjeQs.  4. 
Double  Barrel  and  Winch  for  encreasing  the  Power  without 
Diminution  of  Strength.  5.  Screw  Press,  which  by  the 
contrary  Action  of  Two  Helical  Threads,  affords  great  In¬ 
crease  of  Power  at  the  Place  of  molt  extreme  Pressure.  6. 
Pump  acting  by  the  Difference  of  Two  Cylinders.  7.  Al¬ 
phabetical  System  of  Writing  in  the  Dark,  by  Mr.  John 
Gough.  8,  9.  Two  Plates,  Apparatus  for  fupplying  Worm- 
Tubs,  &c.  with  Water,  on  the  Syphon  Principle ;  By  Sir 
A.  N.  Edelcrantz.  10, 11.  Construction  of  a  fimple  Repeater 
for  the  Hours  and  Quarters,  By  Mr.  J.  M.  Elliot.  12.  Diagram 
to  illustrate  the  Investigations  of  the  Figure  of  the  Earth> 
by  Professor  Playfair.  13.  Improved  Chemical  Furnace,  by 
R.  Chenevix,  Esq.  F.  R.  S.  14.  Figures  to  illustrate  an 
Improvement  in  Spectacles,  by  W.  H.  'Wollaston,  M.  I). 
F.  R.  S.  15.  New  Steam  Digester,  in  which  the  Heat  and 
Pressure  are  rendered  stationary  ;  by  Sir  A.  N.  Edelcrantz. 
16.  Remarkable  Strata  of  Flint,  by  Sir  Henry  Charles  Engle- 
field,  Bart.  F.  R.  S.  17.  Figure  to  illustrate  Dr.  Herschel’s 
Theory  of  the  Changes  in  the  Situation  of  Double  Stars.  18. 
Mr.  Hornblower’s  Apparatus  for  fweeping  Chimnies.  19. 
Figures  to  explain  the  Changes  of  Double  Stars,  by  Dr. 
Herschel.  20.  Galvanic  Apparatus  to  afford  the  Maximum 
©f  Effect  in  Combustion,  by  I.  R.  I.  21.  Hydraulic  Engine 
for  raising  Fresh  Water,  by  the  Discharge  of  Waste  Water, 
by  Mr.  Sharpies. 
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ARTICLE  I. 

Defcription  and  Ufe  of  the  Station  Pointer  ;  an  Injlrmnent  for 
readily  ascertaining  the  Situation  of  the  Obferver  after  having 
determined  the  angular  Pofition  of  three  known  Objefts.  Con- 
fir uSled  by  Joseph  Huddart,  Efq.  F.  R.  S,  and  commu¬ 
nicated  by  him  to  the  Editor. 

I  HAVE  long  been  defirous  of  prefenting  my  readers  with  Inftrument  for 

a  drawing  and  account  of  the  inftrument  which  forms  the  fub-  §jvinS  a  s 
b  ...  .  place  from  obs. 

jedt  of  the  prefent  paper.  Its  utility  in  protradling  the  fitu-of  two  angles 
ation  of  a  veil'd  upon  a  chart  from  an  accurate  obfervation  by  ofasuauthonly* 
the  fextant  of  the  angular  poiition  of  three  known  objedts  on 
fhore,  inftead  of  the  uncertain  and  rough  method  of  bearings 
by  compafs,  is  great  and  obvious;  and  if  any  other  recommen¬ 
dation  could  be  deftred,  it  would  be  that  of  its  repeated  ap¬ 
plication  in  the  hands  of  a  man  of  fcience  and  experience. 

This  we  have  the  fatisfadtion  to  poflefs  in  the  public  labours  of 
Mr.  Huddart,  whofe  maritime  furveys  are  too  well  known 
and  efteemed  to  require  the  fafifrage  of  any  individual  at  this 
day.  The  very  firft  occafion,  when  I  happened  to  have  the 
pleafure  of  converfing  with  him,  I  requeued  the  communi¬ 
cation  of  this  inftrument,  with  which  he  with  great  readinefs 
favouredme,  and  from  which  the  drawing  exhibited  in  Plate  I. 
was  made. 
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STATION  POINTER  FOR  MARITIME  SURVEYS. 

Description.  ^  confifts  of  a  circle  divided  into  360°  and  filled  with  three 
It  is  a  protra&or  radii,  C  B,  CD  and  C  A  ;  the  firft  of  which  is  fixed  at  zero 

which^hei n g c *  anc^  ^ie  °^ier  tvv0  are  moveable,  and  have  each  a  nonius  fnew- 
an<i  duly  placed  ing  fingle  minutes  of  a  degree.  The  centre  at  C  is  perforated 

the*  ft  ad  on  oDhe  'n  orc*er  to  ac^mif  the  pointer  L,  which  is  cylindrical  and  well 
obferver.  fitted  to  the  hole,  where  it  ferves  to  give  a  correfpondent 

mark  upon  the  chart  or  paper  when  in  ufe.  I  is  a  magnifier 
carried  by  an  arm,  having  its  reflector  K  to  throw  light  on  the 
divifions,  and  its  cylindrical  hem  H  to  be  inferted  in  the  hollow 
centre  at  C.  As  it  mud,  while  in  this  fituation,  prevent  the 
introduction  of  the  fteel  point  L,  the  ftem  H  is  itfelf  perfo¬ 
rated  in  order  to  allow  a  fmalier  fteel  point  M  to  be  introduced 
for  the  fame  purpofe.  The  radii  A  B  and  D  are  of  brafs ;  but 
they  may  be  prolonged  to  an  extent  that  would  render  them 
heavy  and  inconvenient  if  of  metal,  by  the  addition  of  three 
rulers  of  wood,  which  are  attached  when  required  by  milled 
head  fcrews  and  fteady  pins,  as  ftiewn  by  breaking  the  radius 
A,  and  alfo  in  the  fide  view  at  G. 

The  arms  D  and  B  are  capable  of  being  brought  very  near 
each  other,  and  confequently  of  being  fet  to  a  very  fmall  an. 
gle;  but  A  cannot,  on  account  of  the  noniufes,  be  brought 
■within  ten  degrees  of  D.  Whenever,  therefore,  the  left  hand 
angle  happens  to  be  fmall,  it  becomes  neceffary  to  carry  the 
arm  A  round,  until  by  its  fituation  on  the  other  fide  of  B,  it 
comes  to  he  employed  to  take  the  right  hand  angle,  and  con- 
fequently  leaves  the  left  to  be  taken  between  D  and  B. 

The  pointer  A  is  provided  with  a  clamp,  by  means  of  which, 
that  arm  can  be  firlt  fecured  in  its  place,  and  the  pointer  D  is 
then  fet  without  fear  of  diflurbing  the  fituation  of  the  arm  firfl 
fet.  It  feldom  happens  that  both  angles  are  fmall  in  maritime 
furveying;  fo  that  the  condition  that  A  cannot  be  brought  very 
near  either  of  the  other  arms,  has  not  been  found  productive 
of  inconvenience. 

In  Fig .  1 .  Plate  III.  let  A,  G,  and  M  reprefent  three  objects, 
of  which  the  actual  difiances  from  each  other  are  known  and 
projefted  in  a  chart.  Suppofe  an  obferver  at  H  to  have  mea- 
fured  the  angle  A  H  M=22°.40',  and  the  angle  MHG  = 
53°. 59'  it  is  required  to  protract  the  place  H  by  means  of  the 
ftation  pointer. 

Solution.  Set  the  arms  of  the  infirument  to  the  refpe<5tive 
angles,  and  apply  them  to  the  chart  fo  that  each  point  A,  M, 

and 
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and  G,  fhall  be  found  upon  the  fiducial  edge  of  its  refpedtive  Defcrlption  and 
pointer.  The  center  will  then  be  found  at  H,  which  may  be  ^a^oa 

marked  by  the  fteel  point. 

Rationale  of  the  Procefs.  When  an  obferver  at  H  fees  M 
and  A  at  the  angular  diftance  of  22°  AO'  from  each  other,  he 
nmft  himfelf  (by  Euclid  III.  20.21.)  be  placed  fomewhere  in  a 
circle  M  A  H,  in  which  the  line  A  M  is  the  chord  of  twice 
that  angle.  And  fo  likewife  when  he  obferves  M  and  G  under 
the  angle  53°.  59'  he  mult  be  placed  in  another  circle  M  G  H, 
of  which  M  G  is  the  chord  of  twice  that  angle.  Confequently 
H  mull  be  at  a  point  common  to  both  circles;  namely  where 
they  interfefl.  The  more  diredt  the  interfedtion  the  lefs  will 
the  ref ult  be  affedled  by  the  errors  of  obfervation  : — when  the 
interfedtions  are  very  oblique,  the  refult  will  in  practice  become 
uncertain;  and  in  the  cafe  where  the  two  circles  coincide 
throughout,  the  determination  by  two  angles  will  be  no  better 
than  by  one;  that  is  to  fay  H  may  be  any  where  in  that  circle. 

This  lad  cafe  occurs  when  a  circle  drawn  through  all  the  ob= 
jedls  does  alfo  pafs  through  the  ftation  itfelf. 

In  the  figure  already  referred  to  H,  denotes  the  weft  garret 
window  of  my  houfein  Soho-fquare,  and  the  letters  A,  G,  and 
M  refpedtively  denote  the  fteeples  of  the  parifh  churches  of 
St.  Anne  Soho  * ,  St.  Giles,  and  St.  Martin,  laid  down  by  their 
difference  of  latitude  and  departure  from  St.  Paul’s  church, 
obtained  from  the  bearings  and  diftances  in  General  Roy’s  Sur¬ 
vey’s  in  the  Philofophical  Tranfaclions,  or  the  Account  of  Oper¬ 
ations  carried  on  for  accomplijhing  a  Trigonometrical  Survey  of 
England  and  M  ales,  fyc.  publifhed  in  quarto  by  Captain  Mudge 
and  Mr.  James  Dal  by.  London,  1799,  with  22  plates . 

The  table  is  at  pages  194,  195  of  the  laft  mentioned  work. 

Whence  and  by  obfervation  with  Hadley’s  Sextant,  the  data 
are :  From  St.  Paul’s 

St.  Anne’s  bears  S.  86°.  9'.  59"  W.  7754  feet. — -Southing 
5 1 8.4-— Wefting  7736.6  feet. 

St.  Martin’s  S.  74°.  28'.  59"  W.  6748  feet. — Southing 
1805.2. — Wefting  6502.1  feet. 

St.  Giles  S.  94°.  36'  28"  W.  6917  feet.— Northing  55.6— 

Wefting  6894.7  feet. 

•  The  fteeple  of  St.  Anne’s  church  has  been  fince  rebuilt,  and 
Hands  in  the  fame  latitude,  but  nine  inches  farther  to  the  Eaft  than 
before* 

Angle 
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Delcription  and  Angle  obferved  between  St.  Giles’s  and  St.  Martin’s  from 
ufeof  thcftation  Soho  S  e  22,  +0'. 
pointer.  1  2 

Angle  obferved  between  St.  Martin’s  and  St.  Anne’s  from 

ditto  53°.  59'. 

Confirudlion.  Draw  the  parallel  of  St.  Paul’s,  and  fet  olT 
the  points  A,  G,  and  M  by  the  refpedtive  differences  ot  latitude 
and  ol  meridians  toreprefent  the  churches  of  St.  Anne,  St.  Giles 
and  St.  Martin.  Join  A  and  G,  the  two  objects  mod  remote 
in  their  bearings,  and  from  the  extremities  A  and  G  on  the  tide 
of  the  line  farthefi  from  H,  draw  the  lines  Ah,  Gh,  making 
angles  with  A  G  refpectively,  equal  to  the  angles  obferved  on 
contrary  tides  of  the  line  pointing  to  the  middle  object  M. 
Through  A,h  and  G  deferibe  a  circle ;  and  through  M  and  h 
draw  a  right  line,  which  prolonged  will  cut  the  circle  in  II. 
Join  A  H,  G  H,  and  the  angles  h  A  G,  M  II  G,  and  A  G  h, 
M  H  A  will  be  refpectively  equal,  becaufe  handing  on  the 
lame  arcs  h  G  and  h  A  ;  that  is  to  fay,  the  obje<5ts  will  be  feen 
from  II  under  the  obferved  angles,  and  confequently  H  will  be 
the  place  of  the  houfe. 

Computation.  The  numbers  in  the  figure  were  had  bv  care¬ 
ful  conftruction  on  a  fcale  of  one  inch  to  equal  100  feet,  uling 
a  beam  compafs,  which  divides  the  inch  into  1000  parts.  But 
as  the  computation  may  not  be  unacceptable  to  beginners  in 
trigonometry,  J  will  here  give  the  procefs  as  a  conclufion  to 
the  prelent  paper. 

1 .  The  triangle  M  A  G  is  known.  We  have  therefore  the 
fide  A  G  and  two  angles  given  in  the  triangle  A  h  G,  which 
is  thus  determined. 

2.  In  the  known  triangle  M  A  G  by  fubdu61ing  the  angle 
A  G  h  from  the  angle  A  G  M  we  gain  the  angle  h  G  M  which, 
with  h  G,  G  M,  determines  the  triangle  h  G  M. 

3.  The  angle  H  h  G  is  (by  Euclid  I.  32)  equal  to  the 

fum  of  the  interior  oppofite  angles  h  G  M,  GMh.  There¬ 
fore  we  have  the  fide  h  G  (by  paragraph  1)  and  the  two  an¬ 
gles  H  and  h  in  the  triangle  II  h  G.  Confequently  that  tri¬ 
angle  is  known,  and  the  difiance  from  H,  the  houfe,  to  the  ob¬ 
ject  G  may  be  had.  • 

4.  In  the  triangle  M  G  II  the  angle  at  G  is  equal  to  the  fum 
of  the  known  angles  M  G  h,  h  G  H  and  the  other  angle  at  H 
and  alfo  the  fide  M  G  are  known.  Whence  the  triangle  is  de- 
termined,  and«the  difiance  from  H  to  the  object  M  may  be  had. 

5.  In 
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3.  In  the  triangle  M  A  Id,  the  angle  at  M  is  equal  to  the 
ditference  of  the  known  angles  G  M  A,  G  M  H  ;  and  tho 
angle  at  H,  together  with  the  two  tides  A  M,  H  M  are  alio 
known.  Whence  the  third  fide  H  A  or  difiance  from  the  houfe 
to  the  object  A  may  be  found. 

6.  Lailly  the  bearing  of  any  of  the  three  tides  of  the  tri¬ 
angle  MAG  may  be  had  from  the  known  difference  of  lati¬ 
tude  and  meridianal  diftance  of  its  extremities  :  And  this  bear¬ 
ing  may  with  eafe  be  then  applied  to  (hew  the  bearings  of  the 
lines  HA,  H  M,  H  G. 

W.N. 


— - - - - - - - — - ” - - - - - - - ,  ■ 

II. 

Experimental  Ejfiys  on  the  Confiitution  of  mixed.  Cafes;  on  the 
Force  of  Steam  or  Vapour  from  Water  and  other  Liquids  in 
different  Temperatures,  both  in  a  Torricellian  Vacuum  and  in 
Air;  on  Evaporation',  and  on  the  Expanfon  of  Cafes  by  Heat. 

John  Dalton. 

(Concluded  from  Page  273,  Vol.  VI. d 
ESSAY  III. 

ON  EVAPORATION. 

W  HEX  a  liquid  is  expofed  to  the  air  it  is  gradually  difli-  Evaporation 
pated  in  it.  The  procefs  by  which  this  effect  is  produced  we  deftned* 
call  evaporation. 

Many  philofophers  concur  in  the  theory  of  chemical  folution  :  Theory  which 
atmofpheric  air,  it  is  faid,  has  an  affinity  for  water;  it  is  ,a  afc.ribes  evap0“. 

r  .  •  r  i  i  t  i  T  ration  to  chemi- 

menltruum  in  which  water  is  loluble  to  a  certain  degree.  It  caj  folution  i» 
is  allowed  nolwithltanding  by  all,  that  each  liquid  is  convert-  alr’~" 
ible  into  an  elaltic  vapour  in  vacuo,  which  can  fubliff  inde¬ 
pendently  in  any  temperature;  but  as  the  utmoft  forces  of  thefe 
vapours  are  inferior  to  the  preffure  of  the  atmofphere  in  ordi¬ 
nary  temperatures,  they  are  fuppofed  to  be  incapable  of  exit¬ 
ing  in  it  in  the  fame  way  as  they  do  in  a  torricellian  vacuum; 
hence  the  notion  of  affinity  is  induced.  According  to  this  the¬ 
ory  of  evaporation,  atmofpheric  air  (and  every  other  fpecies 
of  air  for  aught  that  appears)  diffolves  water,  alkohol,  ether, 
acids,  and  even  metals.  Water  below  212°  is  chemically 
combined  with  the  gafes;  above  212°  it  affumes  a  new  form, 

ami 
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— 's  obfcure  and 

difficult. 


Theory  cf  dif- 
tinft  elaftic 
vapours  in  the 
atmofphere. 


Fofitions.  Dif¬ 
ferent  fluids 
evaporate  with 
different  rapi¬ 
dity.  Evapo¬ 
ration  is  as  the 
furface  ;  it  in¬ 
creafe  s  with  the 
temperature  j 
and  when  the 
air  is  in  motion, 
and  is  drier. 


Objects  of  the 
prefent  eflay. 


Water  boiled  in 
a  veflel  for  a  de¬ 
finite  time  loft 
by  evaporation 
a  quantity, 


and  become*?  a  diftindt  elaftic  fluid,  called  fteam:  whether 
water  firft  chemically  combined  with  air,  and  then  heated  above 
212°,  is  detached  from  the  air  or  remains  with  it,  the  advo- 
cates  of  the  theory  have  not  determined. — This  theory  has  al¬ 
ways  been  conftdered  ascomplex  and  attended  with  difficulties ; 
fo  much  that  M.  Pidtet  and  others  have  rejedted  it,  and  adopted 
that  which  admits  of  diftindl  elaftic  vapours  in  the  atmofphere 
at  all  temperatures,  uncombined  with  either  of  the  principal 
conftituent  gafes;  as  being  much  more  Ample  and  eafy  of  exr 
plication  than  the  other;  though  they  do  not  remove  the  grand 
objedlion  to  it,  arifing  from  atmofpheric  preftlire.  It  has  how¬ 
ever  been  made  to  appear  in  thefe  e  flays,  I  prefume,  that  the 
objedlion  to  it  from  preflure,  is  itfelf  founded  upon  an  un¬ 
grounded  hypothefis. 

Leaving  the  theory  of  evaporation  for  the  prefent,  we  fliall 
proceed  to  the  experiments. 

The  following  petitions  have  been  eftablifhed  by  others,  and 
need  therefore  only  to  be  mentioned  here. 

1.  Some  fluids  evaporate  much  more  quickly  than  others. 

2.  The  quantify  evaporated  is  in  direct  proportion  to  the  fur- 
face  expofed,  all  other  circumftances  alike. 

3.  An  increafe  of  temperature  in  the  liquid  is  attended  with 
an  increafe  of  evaporation,  not  diredtly  proportionable. 

4.  Evaporation  is  greater  where  there  is  a  ftream  of  air  than 
where  the  air  is  ftagnant. 

5.  Evaporation  from  water  is  greater  the  Iefs  the  humidity 
previoufly  exifting  in  the  atmofphere,  all  other  circumflances 
the  fame. 

The  objedls  in  view  in  this  eflay,  are, 

1.  To  determine  the  precife  efledt  that  a  variation  of  tem¬ 
perature  has  upon  the  quantity  evaporated. 

2.  To  determine  the  ratio  of  evaporability  of  different  fluids, 

3.  To  find  a  rule  by  which  the  quantity  and  efledt  of  previous 
humidity  in  the  air  may  be  afeertained. 

4.  From  thefe  and  other  fadts  to  obtain  a  true  theory  of  eva¬ 
poration. 


On  the  Evaporation  of  Water  at  212° 

I  took  a  fmall  cylindrical  veflel  of  tin,  its  diameter  3J  and 
depth  2\  inches;  and  having  fixed  three  pieces  of  wire  toequi- 
cliftant  points  of  the  circumference,  they  were  faftened  toge¬ 
ther 
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ther  at  the  top,  and  the  extremities  bent  into  a  hook,  by  which 
the  veffel  might  be  fufpended  from  the  end  of  a  balance,  &c. 

This  done,  the  vetfel  was  nearly  filled  with  water,  which 
was  then  made  to  boil  over  a  fmall  red  fire  in  different  circum- 
flances:  it  was  held  in  the  hand  and  removed  nearer  to  or  fur¬ 
ther  from  the  fire,  fo  as  to  be  kept  jufi;  at  the  point  of  ebullition. 

In  this  fiate  the  veffel  and  water  were  weighed  true  to  a  grain* 
and  the  inftant  of  time  noted  by  a  wratch;  then  kept  as  above 
at  212°  for  ten  minutes  or  more  and  again  weighed:  and  the 
lots  of  water  by  evaporation,  per  minute,  was  thus  afcertained. 

The  experiments  were  repeated  feveral  times  in  the  fame  as 
well  as  in  different  circumftances ;  and  the  refults  in  no  in  fiance 
differed  materially  when  obtained  in  the  fame  circumftances. 

The  lead  evaporation  per  minute  was  30  grains:  this  was —which  wss 

when  the  fire,  or  lamp,  was  in  the  middle  of  a  room,  the  doors  leaft  wh<“fthe 

r  lurrounding  air 

and  windows  fhut,  and  the  air  calm.  was  ftilleft, 

The  next  degree  was  35  grains  per  minute  or  thereabouts :  —and  gradually 
this  was  when  the  evaporating  veffel  was  over  a  fmall  fire  inmore* 
the  ufual  fire-place;  there  being  a  moderate  draught  of  air, 
and  the  room  clofe. 

A  brifker  fire,  caufing  a  ftronger  current  of  air  up  the  chim-  —the  more 

ney,  gave  from  35  to  40  grains  per  minute.  wTchLgedr 

When  the  windows  of  the  room  were  open,  and  a  firong 
wind  prevailed,  the  draught  over  the  fire  was  proportionally 
increafed,  and  the  evaporation  was  from  40  to  45  grains  per 
minute. 

The  extremes  that  have  thus  been  noticed  are  30  and  45 
grains  per  minute:  but  were  the  experiment  tried  in  the  open 
air  in  high  winds,  I  am  inclined  to  believe  from  a  comparifon  of 
the  obfervations,  that  an  evaporation  of  50,  55  or  even  60  grains 
per  minute  might  be  obferved. 


On  the  Evaporation  of  Water  below  2126. 

I  have  frequently  tried  the  evaporation  at  all  the  temper-  Water  at  tem- 
atures  below  212°  :  it  w'ould  be  tedious  to  enter  into  detail  0f  peratures  below 
all  the  experiments,  but  fhall  give  the  remits  at  fome  remark-  evaporation.— 
able  points.  In  all  the  high  temperatures  I  ufed  the  veffel 
above  mentioned,  keeping  a  thermometer  in  it,  by  which  I 
could  fecure  a  conflant  heat,  or  at  leaft  keep  it  ofcillating 
within  narrow  limits. 


The 
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Quantities 
which  were. 


ature. 


8  - 

The  evaporation  from  water  of  1S0°  was  from  18  to  52 
grains  per  minute,  according  to  circumftances;  or  about  half 
of  that  at  212°. 

At  164°  it  was  about  one  third  of  the  quantity  at  the  boil¬ 
ing  temperature;  or  from  10  to  16  grains  per  minute. 

At  152^  it  was  only  one  fourth  of  tht*t  at  boiling;  or  from 
8  to  12  grains,  according  (b  circumdances. 

The  temperature  of  144*  afford  |  of  the  effect  at  boiling ; 
138°  gave  &c. 

Having  previoufly  tothefe  experiments  determined  the  force 
of  aqueous  vapour  at  all  the  temperatures  under  212°,  I  was 
naturally  led  to  examine  whether  the  quantity  of  water  eva¬ 
porated  in  a  given  time  bore  any  proportion  to  the  force  of  va- 
— in  every  part  pour  of  the  fame  temperature,  and  was  agreeably  furprifed  to 

portion^ "to  the"  exa^y  correfponded  in  every  part  of  the  ther- 

force  of  vapour  mometric  fcalc;  thus  the  forces  of  vapour  at  21  2°,  180°,  16 4-°, 
at  that  temper-  152°,  144°,  and  1  38°  are  equal  to  30,  15,  10,  l\t  6  and  5 
inches  of  mercury  refpeclively,  and  the  grains  of  water  eva¬ 
porated  per  minute  in  thofe  temperatures  were  30,  15,  10,  7*-, 

6  and  5  alfo;  or  numbers  proportional  to  thefe.  Indeed  it 
fhould  be  fo  from  the  edablifhed  law  of  mechanics,  that  all 
effects  are  proportional  to  the  caufes  producing  them.  The 
atmofphere,  it  fhould  feem,  obftruCts  the  diffufion  of  vapour, 
which  would  otherwife  be  almod  indantaneous,  as  in  vacuo.; 
but  this  obdruCtion  is  overcome  in  proportion  to  the  force  of 
the  vapour.  The  obdruCtion  however  cannot  arife  from  the 
weight  of  the  atmofphere,  as  has  till  now  been  fuppofed;  for 
then  it  would  effectually  prevent  any  vapour  from  arifing  un¬ 
der  2 12°:  but  it  is  caufed  by  the  vis  inertice  of  the  particles  of 
air;  and  is  fimilar  to  that  which  a  dream  of  water  meets  with 
in  defeending  amongd  pebbles. 

The  theory  of  evaporation  being  thus  manifeded  from  ex¬ 
periments  in  high  temperatures,  I  found  that  if  it  was  to  be 
force  of  vapJuT"  verified  by  experiments  in  low  temperatures,  regard  mud  be 
at  the  temper-  had  to  the  force  of  vapour  actually  exiding  in  the  atmofphere 

water  diminished  at  the  time*  *or  mftanoe,  if  water  of  59«  were  the  fubjeft, 
by  that  exlfting  the  force  of  vapour  of  that  temperature  is  ^  of  the  force  at 
j^'.cre. atm°^  212°,  and  one  might  expeCl  the  quantity  of  evaporation  ^ 

alfo;  but  if  it  fhould  happen,  as  it  fometimes  does  in  dimmer, 
that  an  aqueous  atmofphere  to  that  amount  does  already  exid, 
the  evaporation,  inftead  of  being  of  that  from  boiling  water, 

would 


In  low  temper 
atures  the  eva 
poration  is  as  the 
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would  be  nothing  at  all.  On  the  other  hand,  if  fche  aqueous 
^tmofphere  were  lets  than  that,  fuppote  half  of  it,  correi  pond¬ 
ing  to  39°  of  heat,  then  the  cfleSive  evaporating  force  would 
be  of  that  from  boiling  water;  in  fhorl,  the  evaporating 
force  muff  be  univerfally  equal  to  that  of  the  temperature  of 
the  water,  diminished  by  that  already  exifting  in  the  atmof- 
phere.  In  order  to  find  the  force  of  the  aqueous  atcnofphere  Experiment  t* 

I  uiually  take  a  tall  cylindrical  glafs  jar,  dry  on  the  outlide,  f^^^theat 

and  fill  it  with  cold  Spring  water  freili  from  the  well;  if  devy  mofpheric 

be  immediately  formed  on  the  outlide,  I  pour  the  water  out,  vaPour* 

let  it  fiand  a  while  to  increafe  in  heat,  dry  the  outlide  of  the 

glafs  well  with  a  linen  cloth,  and  then  pour  the  water  in  again  ;  ' 

this  operation  is  to  be  continued  till  dew  ceafes  to  be  formed, 

and  then  the  temperature  of  the  water  muftbeobferved;  and  op- 

polite  to  it  in  the  table  (p.  26'4,Vol.VI.)  will  be  found  the  force  It  is  the  fame  as 

of  vapour  in  the  atmofphere.  This  muff  be  done  in  the  open  f^wat(r> 

.  1  .  r  ....  which  is  at  the 

air,  or  at  a  window  ;  becaufe  the  air  within  is  generally  more  joweft  temper- 
humid  than  that  without.  Spring  water  is  generally  about  ature>  which 

...  _.  r  i  r  iii  n  condenfes  no 

50  ,  and  will  moltly  anlwer  the  purpole  the  three  hotteir  dew  on  its  can- 

months  in  the  year:  in  other  feafons  an  artificial  cold  mixture  taining  vefTel. 

is  required. — The  accuracy  of  tiie  refult  obtained  this  way  I 

think  fcarcely  needs  to  be  infilled  upon.  Glafs,  and  all  other 

hard  fmooth  fubllances  I  have  tried,  when  cooled  to  a  degree 

below  what  the  furrounding  aqueous  vapour  can  fupport,  caufe 

it  to  be  condenfed  on  their  furfaces  into  water.  The  degree 

of  cold  is  ufualJy  from  1  to  10°  below  the  mean  heat  of  the  23- 

hours  ;  in  fummer  I  have  often  obferved  the  point  as  high  as 

53°  or  59°,  correfponding  to  half  an  inch  of  mercury  in  force, 

and  once  or  twice  have  feen  it  at  62°  :  in  changeable  and 

windy  weather  it  is  liable  to  confiderable  fluctuation  ;  but  this 

is  not  the  place  to  enlarge  upon  it. 

For  the  purpofe  of  obferving  the  evaporation  in  atmofpheric  Narrative  of 

temperatures  I  got  two  light  tin  velfels,  the  one  fix  inches  in  ti]c  exPenrpents 
r  °  °  .  or  evaporation 

diameter,  and  half  an  inch  deep,  the  other  eight  inches  dia- jn  atmofpheric 
meter  and  |  inch  deep;  and  made  to  be  fulpended  from  a  temPcratuwlk* 
balance,  like  the  former  one.  When  any  experiment  defigned 
as  a  teft  of  the  theory  was  made,  a  quantity  of  water  was  put 
into  one  of  thefe  (generally  the  fix  inch  one,  which  I  preferred) 
the  whole  was  weighed  to  a  grain  ;  then  it  was  placed  in  an 
open  window  or  other  expofed  fituation  for  ten  or  fifteen  mi¬ 
nutes,  and  again  weighed  to  afcertain  the  lofsby  evaporation  ; 

at: 
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at  the  fame  time  the  temperature  of  the  water  was  obfervcd, 
the  force  of  the  aqueous  atmofphere  ascertained  as  above,  and 
the  drength  of  the  current  of  air  noticed.  From  a  great  va¬ 
riety  of  experiments  made  both  in  the  winter  and  Summer, 
and  when  the  evaporating  force  was  Strong  and  weak,  I  have 
found  theretults,  entirely  conformable  with  the  above  theory. 
The  fame  quantity  is  evaporated  with  the  fame  evaporating 
force  thus  determined,  whatever  be  the  temperature  of  the 
air,  as  near  as  can  be  judged  ;  but  with  the  fame  evaporating 
force,  a  drong  wind  will  double  the  effedt  produced  in  a  dill 
atmofphere.  Thus,  if  the  aqueous  atmofphere  be  correspond¬ 
ent  to  40°  of  temperature  and  the  air  be  60°,  the  evaporation 
is  the  lame  as  if  the  aqueous  atmofphere  were  at  60°  of  tem¬ 
perature  and  the  air  72°  ;  and  in  a  calm  air  the  evaporation 
from  a  vetTel  of  fix  inches  in  diameter  in  Such  circumdanees 
would  be  about  .9  of  a  grain  per  minute,  and  about  1.8  grains 
per  minute  in  a  very  drong  wind;  the  different  intermediate 
quantities  being  regulated  Solely  by  the  force  of  the  wind. 
Account  of  the  The  following  table  exhibits  the  ratios  and  quantity  of  water 
ridon^  ev2?0*  evaporated  in  each  temperature,  derived  from  the  preceding 
theory,  and  confirmed  by  experiments,  as  far  as  they  have 
been  extended.  The  fird  column  expreffes  the  temperature; 
the  Second,  the  corresponding  force  of  vapour  taken  from  the 
preceding  table;  the  other  three  columns  give  the  number  of 
grains  of  water  that  would  be  evaporated  from  a  Surface  of  fix 
inches  in  diameter  in  the  refpeclive  temperatures,  on  the  fup- 
podtion  of  there  being  previoufly  no  aqueous  vapour  in  the  at¬ 
mofphere.  Thefe  columns  prefent  the  extremes  and  the  mean 
of  evaporation,  likely  to  be  noticed,  or  nearly  Such:  for,  the 
drd  is  calculated  upon  the  fuppodtion  of  35  grains  lot’s  per 
minute  from  the  vedel  of  3]  inches  in  diameter;  the  Second. 
45  and  the  third  55  grains  per  minute. 
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TABLE 

Shewing  the  force  of  vapour,  and  the  full  evaporating  force  o!  Table  of  the 
every  degree  of  temperature  from  20°  to  85°,  exprefled  ^er  evaporated 
in  grains  of  water  that  would  be  raifed  per  minute  from  a  per  minute  at 
veffel  of  fix  inches  in  diameter,  fuppoting  there  were  no 
vapour  already  in  the  atmofphere.  and  85°. 


Temper¬ 

ature. 

Force  of  Vap. 
inch. 

Evaporating  Force  in  Grains. 

212° 

30 

120 

154 

1S9 

20’ 

.129 

.52 

.67 

.82 

21 

.  1  34 

.54 

,69 

.85 

22 

.139 

.56 

.71 

.88 

'  23 

.14  4 

.58 

.73 

.91 

24 

.150 

.60 

.77 

.94 

25 

.156 

.62 

.79 

.97 

26 

.162 

.65 

.82 

1.  02 

27 

.168 

.67 

.86 

1.  05 

28 

.174 

.70 

.90 

1.  10 

29 

.180 

.72 

.93 

1.  13 

30 

.186 

.74 

.95 

1.  17 

31 

.193 

.77 

.99 

1.  21 

32 

.200 

.80 

1.  03 

1.  26 

33 

.207 

.83 

1.  07 

1.  30 

34 

.214 

.86 

1.  11 

1.  35 

35 

.221 

.90 

1.  14 

1.  39 

36 

.229 

.92 

1.  18 

1.  45 

37 

.237 

.95 

1.  22 

1.  49 

33 

.245 

.98 

1.  26 

1.  54 

39 

.254 

1.  02 

1.  31 

1.  60 

40 

.263 

1.  05 

i.  35 

1.  65 

41 

.273 

1.  09 

1.  40 

1.  71 

42 

.283 

L  13 

1.  45 

1.  78 

43 

.294 

1.  18 

1.  51 

1.  85 

44 

.305 

1.  22 

1.  57 

1.  92 

45 

.316 

I.  26 

1.  62 

1.  99 

46 

.327 

I.  31 

1.  68 

2.  06 

47 

.339 

1.  36 

1.  75 

2.  13 

48 

.351 

1.  40 

1.  80 

2.  20 

49 

.363 

1.  45 

J.  86 

2.  28 

50 

.375 

1.  50 

1.  92 

2.  36 

51 

.388 

1.  55 

1.  99 

2.  44 

52 

.401 

1.  60 

2.  06 

2.  51 

53 

.415 

L  66 

2.  13 

2.  61 

54 

.429 

L  71 

2.  20 

2.  69 

55 

.443 

1.  77 

2.  28 

2.  78 

56 

.458 

1,  S3 

2.  35 

2.  S3 

57 

.474 

1.  90 

2.  43 

2.  98 

12 
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Table  continued. 


Tabic  of  die  cann/.' 

quantities  of  212° 

Force  of  Vap. 
inch. 

30 

E vapor 
120 

ating  Force 
154  j 

in  Grain*. 
189 

water  evaporated  — - - — 

per  min -tc  at 

.490 

1.  96 

2.  52 

3.  08 

temperatuics  59 

.507 

2.  03 

2.  61 

3.  19 

between  20®  60 

.524 

2.  10 

2.  70 

3.  30 

andS*?;  ( 

.542 

2.  17 

2.  79 

3.  4! 

62 

.560 

2.  2t 

2.  88 

3.  52 

63 

.578 

2.  31 

2.  97 

3.  63 

64 

.597 

2.  39 

3.  07 

3.  76 

6.5 

.6 1 6 

2.  46 

3.  16 

3.  87 

66 

.635 

2.  54 

3.  27 

3.  99 

67 

.655 

2.  62 

3.  37 

4.  12 

63 

.676 

2.  70 

3.  47 

4.  24  ' 

69 

.698 

2.  79 

3.  59 

4.  38 

70 

.721 

2.  88 

3.  70 

4.  53 

7  1 

.745 

2.  98 

3.  83 

4.  68 

72 

.770 

3.  08 

3.  96 

4.  84 

73 

.796 

3.  18 

4.  09 

5.  00 

74 

.823 

3.  29 

4.  23 

5.  17 

75 

.85  l 

3.  40 

4.  37 

5.  34 

76 

.880 

3.  52 

4.  52 

5.  53 

77 

.9  JO 

3.  65 

4.  68 

5.  72 

78 

.940 

3.  7'6 

4.  S3 

5.  91 

79 

.971 

3.  8.8 

4.  99 

6.  10 

80 

1.  00 

4.  00 

5.  14 

6.  29. 

81 

1.  04 

4.  16 

5.  35 

6.  54 

82 

I.  07 

4.  28 

5.  50 

6.  73 

83 

J.  10 

4.  40 

5.  66 

6.  91 

84 

1.  14 

4.  56 

5.  86 

7.  17 

85 

J.  17 

4.  68 

6.  07 

7.*  46 

Ufe  of  the  tab'e 
familiarly  il- 
I  unrated. 


]  he  ufe  of  this  table  will  appear  from  the  following  pro¬ 
blems: 


PROBLEM  I . 


Having  given  the  temperature  at  which  the  aqueous  atmof- 
phere  begins  to  be  condenfed  into  water,  and  the  temperature 
of  the  air,  to  find  the  quantity  of  water  that  would  be  evapo¬ 
rated  in  a  minute  from  a  vetfel  of  fix  inches  diameter. 

Solution.  Subtract  the  grains  oppofite  to  the  lower  temper¬ 
ature  from  thole  oppofite  to  the  higher  one,  in  the  firft,  fecond 
or  third  column  of  grains,  according  to  the  flrength  of  the 
wjnd,  and  the  remainder  will  be  the  quantity  evaporated  in  a 
minute  under  thole  circumftances,  nearly. 


Example* 


OK  EVAPORATION. 


F.xumplc,  Let  the  point  of  condenfation  be  52°,  the  tem-Ufe  of  the  fable 
.  .  ,  familiarly  il- 

perature  of  the  air  65°,  with  a  moderate  breeze.  luftrated* 

The  number  oppotite  52°  in  the  fecond  column  of  grains  is 
2.06,  and  that  oppofite  65°is  3.16;  the  difference,  1.1 
grain,  is  the  evaporation  per  minute. 

™  ■  *  i 

PROBLEM  II. 

* 

Having  given  the  quantity  evaporated  in  a  minute,  found  by 
experiment,  and  the  temperature  of  the  air,  to  find  the  force 
of  the  aqueous  atmofphere,  and  the  point  of  condenfation. 

Solution.  Subtract  the  obferved  evaporation  from  that  op- 
pofite  the  given  temperature  in  the  table;  and  look  above  for 
the  number  neareft  to  the  remainder  in  the  fame  column  ot 
evaporation,  oppofite  to  which  will  be  found  the  force  ot  the 
aqueous  atmofphere,  and  the  point  at  which  it  begins  to  be 
condenfed. 

Example.  Finding  the  evaporation  from  a  veffel  of  fix 
inches  in  diameter  to  be  1.  7  grain  per  minute  with  a  bride 
wind,  air  62°  ;  what  is  the  weight  of  the  aqueous  atmofphere, 
and  the  temperature  at  which  it  begins  to  be  condenfed  into 

water? 

The  number  oppofite  62°  in  the  third  column  of  grains  is 
^  being  the  whole  evaporating  force  at  that  temperatuie 
in  a  perfectly  drv  atmofphere;  from  which  take  1.7  grains, 
the  real  evaporating  force  obferved,  and  the  remainicier, 
l  .82,  corref ponds,  as  per  table,  to  the  force  .294  inches  o» 
mercury,  the  weight  of  vapour,  and  to  43  of  tempeiatuie. 

Evaporation  of  Spirits ,  Ether,  Sc. 

If  the  law  of  evaporation  above  given  apply  to  water  in  Experiments 
every  part  of  the  icale  ot  heat,  no  leafonable  donut  can  be  the  evaporation 
entertained  resetting  its  application  to  other  liquids.  I  have  of^pirits^ether, 
notwithflanding  made  feveral  experiments  on  others,  ^ie  1  e"  iame  law  as 
fults  of  which  are  conformable  to  the  fame  law.  Some  of  them  water, 
follow  : — 

*  It  may  be  proper  to  remind  the  reader  that  all  the  experiments 
on  evaporation  are  underltood  to  be  made  in  the  open  air,  oi  in  a 
window  with  a  current  inward;  alfo  it  may  be  oblerved  the  evapo¬ 
ration  in  a  clofe  room  is  much  lefs  and  is  befides  irregular,  being 
greater  proportionably  from  a  lefs  furface,  evidently  from  the  ftag- 

nation  of  the  air.  . 

] .  Spirit 


It 
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Experiments 
which  fh  w  that 
the  evaporation 
of  fpirits,  ether, 
&c.  follow  the 
fame  law  as 
water. 


1-  Spirit  of  wine. — Evaporated  from  a  furface  of  four  inches 
in  diameter,  54  grains  in  25  minutes:  air  53°;  aqueous  at- 
moiphere  at  49°,  and  beginningto  rain  wilh  a  moderate  breeze. 
It  would  proportionally  have  been  121  grains  from  a  veffel  of 
fix  inches  in  diameter.  This  gives  nearly  five  grains  per  mi¬ 
nute.  The  fame  Ipirit  boiled  at  or  near  180°. 

Now  from  the  data,  water  of  83°  is  equivalent  in  force  to 
fpirits  of  53°;  and  it  may  be  feen  that  the  evaporating  force  of 
water  of  83°  is  nearly  5  in  the  firft  and  fecond  columns  of  grains 
of  the  table.  It  feems  probable  that  the  aqueous  atmofphere 
does  not  diminifh  the  evaporation  of  fpirits  as  it  does  that  of 
water. 

2.  Ether. — 1.  Put  a  phial  containing  ether,  and  a  fmall  tin 
vefiel  of  1 inch  diameter  into  a  fcale  and  balanced  them  ex- 
a<51!y :  then  poured  the  ether  into  the  evaporating  veffel  and  put 
the  phial  into  the  fcale  again  ;  took  out  40  grains  from  the  op- 
pofite  fcale,  and  waited  till  the  equilibrium  was  reftored:  this 
was  in  8  minutes  6  feconds.  The  air  was  50°,  and  the  ether 
at  firft  50°;  but  it  rapidly  funk,  as  was  found  by  dipping  a  very 
fmall  bulbed  thermometer  into  it,  to  2S°.  In  a  window  with 
a  moderate  breeze. 

- 2  and  3.  Repeated  the  experiment  in  the  fame 

circumftances,  except  the  evaporating  veffel,  which  was  now 
porcelain,  and  2\  inches  diameter.  Loft  40  grains  in  3  mi¬ 
nutes.  Thermometer  funk  from  50  to  30°.  The  two  expe¬ 
riments  made  this  way  did  not  differ  above  one  or  two  grains. 

Thefe  refults  reduced  to  a  veffel  of  3|  inches  in  diameter 
give 

lft.  Experiment,  lofs  17  grains  per  minute; 

2  &  3 -  —  22  \ - - 

The  reafon  why  the  refult  in  the  firft  experiment  was  fome- 
tbing  lefs  than  in  the  other  two,  was  evidently  owing  to  the 
circumftance  of  its  longer  duration,  by  which  the  ether  was 
the  greater  part  of  the  time  in  a  low  temperature,  and  confe- 
quently  evaporated  lefs.  The  ether  ufed  boiled  at  102°.  At 
50°  it  was  therefore  in  the  capacity  of  water  at  160°.  But 
water  at  160°,  at  moft  lofes  only  17  or  18  grains  per  minute, 
and  lefs  20°  below  that  temperature.  At  firft  view  therefore 
it  fhould  (eem  that  ether  evaporates  quicker  than  the  general 
law  affigns.  But  it  muft  be  allowed  that  the  temperature  of 
the  air  has  feme  effect  upon  evaporation,  though  it  has  certainly 

very 
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very  little,  Now  ether  in  the  above  experiments  is  acted  upon 
by  a  current  of  air  of  an  equal  or  higher  temperature  than  it- 
felf;  but  water  of  160°  is  ufually  afted  upon  by  air  100°  lower 
than  itfelf,  which  is  every  moment  precipitating  the  vapour 
formed,  and  thus  obflrufting  its  circulation.  This  appears  to 
be  a  fufficient  caufe  for  the  fmall  difference  obferved. 

With  refpeft  to  mercury,  fulphuric  acid,  muriate  of  lime.  Evaporation  of 
& c.  there  can  be  no  doubt  but  they  experience  a  real  evapo-  1TU“  U1  &c* 
ration  like  thofe  above;  but  it  muft  be  very  Imall  in  proportion 
as  their  boiling  points  are  high.  And  it  would  be  difficult  to 
make  experiments  upon  fuch  of  thefe  as  have  an  affinity  for 
aqueous  vapour;  becaufe  their  acquifition  from  the  aqueous  at- 
mofphere  would  far  exceed  their  lofs  by  evaporation. 

Since  writing  the  above  effiay,  opportunities  have  occurred  }  evaporation 

°  J  ...  .  ,  rrom  ice  agrees 

to  afcertain  whether  the  evaporation  from  ice  is  conformable  to  with  the  prece- 

the  fame  law  as  that  from  water.  Every  one,  who  has  tried  dinS  lavv'’ 
the  experiment,  admits  the  fa  ft  that  ice  is  evaporable.  I  have 
lately  made  feveral  oblervations  on  this  fubjeft,  the  refults  of 
which,  as  far  as  they  go,  fupport  the  conclufion  that  the  ge¬ 
neral  law  of  evaporation  continues  the  fame  below  the  point 
of  congelation  as  above  it.  All  the  ex*periments  were  made 
in  the  tin  veffiel  above  defcribed  of  fix  inches  in  diameter;  a 
quantity  of  water  was  fuffered  to  freeze  in  it,  fo  as  to  form  a 
circular  cake  of  ice;  the  veffiel  and  ice  were  then  weighed  to¬ 
gether,  and  expofed  in  the  open  airffior  a  certain  time,  after 
which  being  again  weighed,  the  lofs  was  found ;  the  force  of 
the  aqueous  atmolphere  was  fometimes  determined  during  the 
experiment  by  a  mixture  of  pounded  ice  and  fait,  iu  the  man¬ 
ner  already  defcribed. 
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Some  of  thefe  being  made  in  the  night,  and  of  long  dura¬ 
tion,  neither  the  temperature  of  the  air,  nor  the  force  of  the 
aqueous  atmofphere  could  be  fairly  determined :  the  fecond 

experiment 
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Experiments  of 
De  Saufl'ure 
compared  with 
the  preceding 
theory. 


He  confided  too 
much  in  his 
hygrometer. 


and  on  that  ac¬ 
count  Ins  tables 
are  inaccurate. 


experiment  was  made  under  every  favourable  circumstance, 
and  (he  aqueous  atmofphere  found  at  22°.  By  problem  ii,  at 
page  13,  it  would  have  been  determined  at21^°,  uftng  the 
lecond  column  of  grains  in  the  table. 

On  the  fubjeft  of  evaporation  it  may  be  confidered  as  un¬ 
pardonable  not  to  advert  to  De  Sauffure’s  valuable  E  flays  on 
Hvgrometry. 

That  excellent  philofopher  determined,  by  a  well  conceived 
•experiment,  that  dry  air  of  the  temperature  of  64°  or  66°, 
imbibed  aqueous  vapour  fo  as  to  increafe  its  elafticity  of  the 
atmofpheric  preflure;  and  that  a  cubic  foot  of  fuch  air  required 
11  or  12  grains  of  water  to  produce  the  effect.  By  the  table 
above  at  page  12  it  appears  (he  force  of  vapour  at  61°  =  . 54 
=  TXT  of  29  .5  inches  nearly.  It  is  probable  this  difference  is 
occaiioned  in  part  at  Ieaft  by  the  want  of  perfeft  drynefs  in 
the  air  he  operated  upon,  which  caufed  the  increafe  of  elafli- 
city  to  be  lefs  than  otherwife.  It  was,  I  think,  unfortunate 

"  v 

that  he  attached  fo  much  importance  to  and  confidence  in  his 
hygrometer;  and  that  he  adopted  the  theory  of  chymical  folu- 
tion  of  water  in  air,  contrary  to  the  fadts  he  difeovered,  which 
feeined  more  reconcileable  to  the  notion  of  aqueous  vapour  be¬ 
ing  a  diflindt  elaftic  fluid.  Indeed  he  is  forced  to  acknowledge 
in  the  iff  chap,  of  his  Eflay  on  the  Theory  of  Evaporation, 
that  in  the  ordinary  temperature  of  the  atmofphere,  aqueous 
vapour  is  formed  in  the  firft  infiance  a  diftant  elafiic  fluid,  and 
after  it  hat  been  converted  into  an  elafiic  fluid ,  it  is  diffolved  by 
the  air;  “  Je  crois  qu’il  ne  la  diflout  que  Iorfque  Padtion  du. 
**  feu  Pa  convertie  en  vapeur  elafl:ique.’,  Now  if  it  can  for 
a  moment  exift  independently  under  the  preffure  of  the  atmof¬ 
phere,  why  may  it  not  continue  to  exift  in  that  ftate? 

His  table  of  the  weight  of  aqueous  vapour  in  a  Cubic  foot 
of  air  at  different  degrees  of  the  thermometer,  being  derived 
from  experiments  with  his  hygrometer,  except  the  ftandard 
one  of  66°  ( 1 5° Reaumur),  is  far  from  accurate;  and  the  in¬ 
accuracy  increafes  with  the  diflanee  from  the  ftandard,  which, 
as  has  been  obferveo,  appears  to  be  nearly  correct :  in  the 
higher  temperatures  he  makes  the  water  diffolved  too  little, 
and  in  the  lower  temperatures  too  much.  He  fays  (§93)  that 
the  loweft  he  has  feen  the  hygrometer  in  the  open  air,  is  40 j 
and  that  it  indicated  a  reduction  of  temperature  in  the  air 

amounting 
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Amounting  to  34°  .7  (78°  of  Fahr.)  was  neceffary  m  order* 
to  depoiit  dew.  This  obfervation  alone  is  fufficient  to  render 
his  hygrometer  lufpe&ed ;  for,  few  who  have  attended  to  the 
formation  of  dew  will  admit  the  probability  of  fo  large  a  reduc¬ 
tion  being  neceflary  in  any  climate  or  feafon:  I  believe  it 
rarely  requires  40°  reduction  in  temperature  in  any  part  of  the 
world  to  produce  the  effect. 

Plate  L*  is  intended  to  illuftrate  the  author’s  conception  of  Engraving  to 
the  conftitution  of  the  atmofphere.  The  different  marks  or  th*^ 

characters  of  the  particles  of  the  gafes  are  merely  arbitrary,  atmofphere. 
and  intended  for  dift  in&ion ;  the  iimple  atmofpheres  are  given 
nearly  on  their  real  denfities,  and  the  particles  are  arranged  at 
equal  diftances  from  each  other.  In  the  compound  atmof¬ 
phere  the  fame  arrangement  is  made  of  each  kind  of  particles 
as  in  the  fimple;  but  the  particles  of  different  kinds  do  not 
arrange  at  regular  diftances  from  each  other;  becaufe  it  is  fup- 
pofed  they  do  not  repel  each  other. 


III. 

Observations  on  the  Cultivation  and  Growth  of  Oak  Timber .  In 
a  Letter  from  the  Rev.  Richard  Yates,  F.  A.  S.  Chaplain 
to  His  Majefiy’s  Royal  Hofpital  at  Chelfea,  to  Charles 
Taylor,  Efq.  Secretary  to  the  Society  of  Artsi. 


S  I  R, 

HT 

ii.  O  expatiate  upon  the  vaft  importance  of  increafing  the  Great  Impor- 
growth  of  oak-timber,  feems  unneceffary.  The  national  ad-  ^0^ the  oak" 
vantages  refulting  from  this  fource  appear  to  be  in  general 
well  underftood ;  and  yet  the  cultivation  and  management  of 
this  raoft  ufeful  plant  has  not  hitherto  obtained  that  degree  of 
attention  which  it  moft  certainly  merits. 

Entirely  to  obviate,  or  even  in  fome  meafure  to  remove  or 
leffen,  the  obtlacles  that  ftill  continue  to  impede  the  planting 


*  From  the  fame  Vol.  of  the  Manchefter  Memoirs.— I  remind  the 
reader  of  the  references  at  page  257  of  our  laft. 

•f-  For  which  the  filver  medal  was  voted.  Memoirs  for  1302, 
page  80. 

Vol.  VII. — January,  1804, 
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Cultivation  of 
the  oak  difcou- 
ragcd, 


frem  a  notion  of 
its  very  flow 
growth, 


which  is  a  mif- 
take. 


Oaks  are  fuffcr- 
ed  to  grow 
{flowly)  with  a 
ihort  ftera  and 
large  head  :  but 
tbtir  Jixe  may  b, 


of  oaks,  would  therefore  be  rendering  an  eflential  fervice  to 
the  nation.  The  defire  of  accomplifhing  Co  beneficial  a  pur- 
pofe,  has  induced  the  judicious  and  public-fpirited  conductors 
of  the  Society  of  Arts  to  propofe  a  premium  for  “  afcertaining 

the  beft  method  of  railing  oaks — in  confequence  of  which, 
this  paper  is  fubmitted  to  their  candid  confideration.  And  as 
the  ftatements  here  made  are  founded  upon  a  fcdulous  and 
active  experience  of  fifty  years,  it  is  prefumed  the  Jpirit  and 
meaning  of  the  Society’s  propofal  may  have  been  obferved, 
although  it  has  not  been  polfible  (in  this  inltance)  literally  to 
fulfil  its  terms ;  at  leaft,  the  very  intention  of  promoting  and 
forwarding  the  views  of  fo  enlightened  and  highly  ufeful  a 
Society,  may,  it  is  hoped,  be  accepted  as  an  apology  for 
calling  their  attention  to  thefe  obfervations. 

It  forms  no  part  of  the  prefent  defign  to  enter  minutely 
into  the  various  caufes  that  continue  to  operate  in  obftru&ing 
the  cultivation  of  oak  ;  as  there  is  one  of  peculiar  magnitude, 
the  confequences  of  which  are  highly  detrimental  and  inju¬ 
rious,  and  which  it  is  therefore  the  principal  object  of  this 
paper  to  remove. 

An  opinion  is  generally  prevalent,  that  the  oak  is  particu¬ 
larly  flow  in  its  growth,  and  requires  a  great  number  of  years 
before  it  affords  any  advantage.  This  idea  too  often  deters 
from  planting,  on  account  of  the  very  great  length  of  time  it 
is  fuppofed  the  land  muft  be  occupied  before  any  return  of 
valuable  produce  can  be  obtained  from  it,  after  a  confiderable 
expcnce  may  have  been  incurred  in  forming  plantations. 

This  opinion  I  confider  as  entirely  founded  in  error,  and 
to  have  taken  its  rife  in  a  great  meafure  from  the  want  of  pro¬ 
per  management  that  has  hitherto  commonly  prevailed  in  the 
raifing  of  oaks :  and  in  this  paper  I  fliall  endeavour  ftrongly  to 
ftate,  that  the  oak  may  be  rendered  very  rapid  in  its  growth, 
and  that  confequently  land  may  be  employed  to  great  advan¬ 
tage  in  its  cultivation,  as  a  very  confiderable  and  profitable 
produce  may,  in  a  much  fliorter  time  than  is  generally  fup¬ 
pofed,  be  derived  from  proper  parts  of  an  efiate  thus  employed. 

Oak-timber  in  this  country,  for  the  moil  part,  appears  in 
trees  of  a  confiderable  extent  of  head,  but  feldom  more  than 
twenty  or  thirty  feet  in  Item  ;  and  this,  in  many  inftances,  the 
growth  of  a  century.  Now,  by  the  courle  of  management 

here 
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here  propofed,  it  is  conceived  that  trees,  of  at  leaf!  double  doubled  m  half 
this  magnitude,  may  be  obtained  in  about  half  that  time.  t*>e  u^ual  tme% 

It  is  not  my  intention  to  attempt  a  proof  of  this  proportion 
by  theoretical  deductions,  but  to  appeal  for  its  confirmation  to 
the  indubitable  teft  of  faCt,  which,  from  the  event  of  repeated 
trials,  impreffes  a  conviction,  that  experience  will  be  found 
to  fupport  and  eftablilli  it  in  the  molt  unequivocal  manner. 

It  would  be  eafy  to  enlarge  much  on  the  various  qualities  of 
foil,  the  nature  and  procefs  of  vegetation,  and  the  peculiar 
properties  of  the  oak  ;  but  as  thefe  topics  may  be  found  amply 
and  judicioufly  difeuffed  in  many  other  authors,  who  have  ex- 
prefsly  treated  on  thefe  fubjeCts,  I  (hall  decline  all  fuch  fpe- 
culations :  and,  with  the  hope  of  being  more  efientially  ufeful, 
fliall  confine  myfelf  to  a  ftatement  as  fimple  and  practical  as 
potfible. 

The  oak,  in  the  progrefs  of  its  growth,  fpreads  numerous  It  is  of  the  ut- 
roots  near  the  furface  of  the  ground,  and  in  an  horizontal  di-  imPortance 
reCtion  :  thefe  afiilt  in  fupporting  and  preferving  the  tree  in  its  dicular  or  tap 
pofition,  but  feem  to  contribute  very  little  to  its  increafe  and^00t^e  Pre* 
magnitude.  The  oak  appears  to  derive  its  chief  nutriment  and 
firength  from  a  root  that  always  defeends  at  right  angles  to  the 
horizon,  and  is  called  the  tap-root.  The  firft  thing,  therefore, 
to  be  obferved  is,  that  upon  a  judicious  attention  to  this  pecu¬ 
liarity,  the  planter's  fuccefs  principally  depends;  and  the 
negleCt  of  this  care  is  the  conftant  fource  of  error  and  difap- 
pointment.  In  all  climates,  and  upon  all  foils,  to  preferve 
this  tap-root  from  injury,  and  as  much  as  poffible  to  affift  its 
growth,  is  a  general,  and  indeed  the  moil  effential  principle 
in  the  cultivation  of  oak.  With  a  due  regard  to  this  circum- 
(lance,  the  management  of  a  plantation  may  be  refolved  into 
the  three  following  practical  directions : 

Previoujly  to  planting  the  acorns,  loofen  the  earth  intended  Inftraftions  for 
for  their  reception,  by  deep  trenching.  grounded* 

Never  travjplant,  or  in  any  way  dilturb,  the  faplings  in-  planting  acorns* 
tended  for  timber. 

Keep  the  plant  carefully  pruned,  till  arrived  at  a  proper 
height. 

More  fully  to  elucidate  the  fubjeCt,  and  to  prevent  the  pof- 
iibility  of  milapprehenfion,  it  may  be  proper  to  give  a  more 
detailed  ftatement. 

C  2  In 
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Oaks  for  timber  In  determining  on  a  fpot  to  form  a  plantation  of  oaks  for 

t r an fp lamed  ^  timber,  it  muft  always  be  recollected  that  the  plants  are  to 
remain  without  removal  in  their  firft  fituation  :  the  clearing 
and  fencing  may  then  be  attended  to  as  ufual ;  and  in  the 
courle  of  the  winter,  from  September  to  March,  the  particular 
fpots  intended  for  the  reception  of  acorns,  may  be  prepared 
for  that  purpofe,  by  digging  a  trench  about  three  feet  in  width, 
and  from  three  to  fix  feet  in  depth,  according  to  the  clofenefs 
and  tenacity  of  the  foil.  If  grafs-ground,  the  firtt  fpit  fhould 
be  placed  at  the  bottom  of  the  trench  ;  and  if  more  than  one 
trench  be  necetlary,  they  fiiould  be  prepared  in  the  fame 
manner,  preferving  a  difiance  of  ten  yards  between  each,  if 
it  be  intended  to  employ  the  intermediate  fpace  in  underwood, 
or  for  any  other  purpofe. 

Having  made  a  caretul  feleCtion  of  acorns  that  are  perfectly 
found,  and  in  good  preservation,  they  are  to  be  planted  about 
the  middle  of  March.  Draw  a  drill  in  the  centre  of  the  trench ; 
two  inches  in  depth,  it  the  foil  be  heavy  and  loamy  ;  but  three 
inches  in  a  light  and  fandy  earth.  In  this  place  the  acorns  two- 
inches  afunder,  and  cover  them  carefully  with  mould.  When 
the  plants  appear,  they  muft  be  weeded  by  hand  in  the  rows, 
and  the  earth  ot  the  trench  round  them  cleaned  with  a  hoe, 
once  a  month  during  the  fummer.  In  October  infpeCt  the  rows, 
and  thin  them  by  pulling  up  every  other  plant :  attention  will 
ot  courfe  be  paid  to  remove  the  weak  and  crooked  plants,  and 
leave  thofe  that  are  tallelt  and  ftraiteft.  On  the  fecond  year, 
the  operation  of  thinning  muft  be  repeated,  at  the  fame  time, 
and  in  the  fame  manner ;  and,  fhould  any  of  the  remaining 
plants  have  made  fide-fhoots  ftronger  than  the  general  charac¬ 
ter,  they  muft  be  fmoothly  cut  oft'  with  a  ftiarp  knife,  clofe 
to  the  leading  ftem.  On  the  third  year,  the  thinning  is  again 
to  be  repeated,  and  the  general  pruning  commenced,  by  cut¬ 
ting  oft  clofe  to  the  leading  ftem  all  the  fide-thoots  of  the  firft 
year ;  thus  leaving  the  branches  of  two  years  to  form  the  head 
of  the  following  year.  The  removal  of  every  alternate  plant 
muft  be  continued  yearly,  till  the  trees  are  about  thirty  feet 
apait,  at  which  diftance  they  may  remain  for  timber.  The 
pruning  is  to  be  continued,  by  removing  every  year,  very 
lmooth  and  clofe  to  the  main  ftem,  one  year's  growth  of  fide 
branches,  till  the  plants  are  arrived  at  a  ftem  of  forty,  fifty, 
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or  lixty  feet,  and  they  may  then  be  permitted  to  run  to  head  Inftruftions  for 

.  ,  '  r  .  .  J  r  cultivating  the 

without  further  pruning.  oajc> 

The  particular  arrangement  here  recommended  may  be 
varied  according  to  any  peculiarities  of  dtuation,  regard  being 
conftantly  had  to  the  general  and  mod  important  principle  of 
loofening  the  ground  very  deep  previoufly  to  planting  the  acorns. 

By  this  mode  of  culture,  oaks  may  be  raifed  in  almod  any  foil; 
but,  where  it  is  poffible,  a  loam  or  marl  is  always  to  be  chofen. 

Oaks  thrive  much  the  bed  in  fuch  earth ;  and,  when  allided 
by  deep  trenching  and  judicious  pruning,  attain  in  a  few  years 
to  an  immenfe  lize. 

Thofe  who  have  been  accudomed  to  notice  the  dow  growth 
and  dunted  appearance  of  oak  trees,  when  denied  the  adidance 
©f  art,  and  left  to  themfelves  in  the  common  way,  would 
oblerve  with  adonifliment  the  vigorous  and  rapid  increafe  of 
plants  under  the  management  now  pointed  out. 

The  plants  thinned  out  the  drd  three  or  four  years,  though 
not  fit  to  be  depended  upon  for  timber,  as  tranfplanting  ge¬ 
nerally  injures  very  materially  the  future  growth,  may  be  re¬ 
planted  in  the  intermediate  (paces  between  the  rows,  for  the 
purpofe  of  being  afterwards  removed  ;  or  they  may  be  ufefully 
placed  in  hedges,  or  other  fpare  and  unoccupied  fpots  of 
ground.  They  fhould  be  headed  down  at  the  time  of  tranf¬ 
planting,  as  this  operation  adids  the  procefs  of  nature,  in 
reproducing  or  remedying  any  injury  the  tap-root  may  have 
received  from  the  removal :  and,  if  proper  attention  be  given 
to  loofening  the  foil  for  their  reception,  and  pruning  them  as 
they  advance,  in  mod  indances  an  adequate  profit  will  be 
derived  from  the  labour  bedowed  upon  them.  .After  a  few 
years,  the  produce  of  the  timber-plantation  will  be  found  very 
advantageous.  The  young  trees  that  are  to  be  removed 
yearly,  will  always  find  a  ready  market  for  a  variety  of  pur- 
pofes  unneceffary  here  to  enumerate.  In  addition  to  thefe 
advantages,  if  by  this  treatment  of  deep  trenching  previous  to 
planting,  and  annual  careful  pruning  during  the  growth,  timber 
can  be  produced  in  about  fifty  years,  of  equal  quality,  and 
much  fuperior  in  fize,  to  that  which  has  been  above  one 
hundred  years  growing  under  improper  management,  or  with¬ 
out  the  adidance  of  cultivation  ;  it  will  doubtlefs  be  allowed 
that  a  mod  beneficial,  if  not  abfolutely  the  bed  podible  method 
of  u  raifing  oaks,”  is  here  pointed  out  and  afeertained. 

TM% 


22 

Inftruftions  for 
cultivating  the 
oak. 


CULTIVATION  OF  OAKS. 

This  method  of  cultivation  may  perhaps  be  thought  to  occa- 
don  fo  much  expenfe  in  manual  labour  as  to  prevent  its  being 
generally  adopted :  it  might  perhaps  be  fufficient  to  obferve, 
that  if  the  work  be  conducted  with  judgment  and  economy, 
the  future  produce  would  afford  ample  returns  for  all  neceffary 
expenditure  :  it  fhould  alfo  be  recollefted,  that  the  previous 
preparation  of  the  ground,  and  the  fubfequent  pruning  of  the 
plants,  are  both  to  be  performed  at  that  feafon  of  the  year 
when  a  fcarcity  of  work  will  enable  the  planter  to  obtain  af- 
ddance  upon  eafier  terms ;  with  this  additional  advantage 
alfo,  of  providing  employment  for  the  labourer  at  thofe  times 
when  the  general  date  of  agricultural  bufinefs  renders  it  dif¬ 
ficult  for  him  to  find  maintenance  for  himfelf  and  family  with¬ 
out  charitable  relief. 

In  1750,  at  Ingeftrie  .in  Staffordfhire,  the  feat  of  Lord 
Chetwynd,  fome  plantations  were  formed  and  managed  in  a 
great  meafure  according  to  the  principles  here  dated,  and  the 
growth  of  the  plants  were  fo  uncommonly  rapid,  and  fo  ex¬ 
traordinary,  that  it  could  not  but  attract  the  notice  of  all  con¬ 
cerned  in  the  conduct  of  them.  The  attention  to  the  fubject, 
then  excited,  has  been  the  occafion  and  ground  of  all  the 
obfervations  and  experiments  made  from  that  time  to  the  pre- 
fent,  the  refult  of  which  is  given  in  this  paper. 

The  extenfive  plantations  of  the  late  Lord  Denbigh,  at 
Newnham  Paddox,  in  Warwickfhire,  are  well  known  and 
much  admired,  The  whole  has  been  conducted  with  great 
judgment.  About  a  fquare  acre  has  been  employed  in  raifing 
oaks  upon  a  plan  nearly  fimilar  to  that  now  propofed,  and 
affords  the  bed  and  mod  convincing  proof  of  the  fuperior  utility 
and  efficacy  of  fuch  management.  Had  the  noble  Earl  been 
now  living,  I  diould  have  been  enabled  to  have  laid  before 
the  Society  fome  more  detaded  particulars  :  That,  however, 
is  now  impoflible  ;  this  paper,  therefore,  in  its  prefent  date, 
may  perhaps  be  thought  not  altogether  unworthy  of  notice,  as 
tending  to  forward  the  liberal  defigns  of  the  Society,  and  con¬ 
tributing  to  the  advantage  of  the  public,  the  author  conceiving 
that  the  bed  method  of  raifing  oaks  is  afeertained  and  dated 
in  it. 

Should  the  Society  be  in  any  degree  inclined  to  join  in  this 
fentiment,  it  may  perhaps  induce  them  to  make  fome  alteration 
i.i  the  terms  of  their  propofal  j  asj  according  to  the  datements 
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made  in  this  paper,  and  indeed  from  what  may  be  feen  in  Inftrudions  fot 
every  part  of  the  kingdom,  in  the  character  and  appearance  ^tlvating  the 
of  oaks  growing  without  cultivation,  itfeems  ascertained,  that 
“  acorns  fet  with  the  (pade  or  dibble,  without  digging  or 
“  tillage/*  can  never  be  depended  on  to  form  good  timber ; 
and  even  in  the  moft  favourable  circumfiances  of  this  cafe,  the 
growth  will  be  exceedingly  flow  and  precarious.  The  fame 
may  be  faid  of  *'  young  plants,  previoufly  raifed  in  nurferies, 

*'  and  tranfplanted  for  if  the  tap-root  be  cut,  broken,  or 
in  any  degree  injured,  which  in  tranfplanting  it  is  almoft  im- 
poflible  to  avoid,  that  plant  will  feldom  become  a  vigorous 
and  flourithing  tree.  To  form  a  courfe  of  experiments  on  fuch' 
a  plant  as  the  oak,  is  not  a  very  eafy  matter.  To  fulfil  expli¬ 
citly  the  conditions  of  the  Society  would  require  a  great  length 
of  time,  and  would  be  attended  with  confiderable  expenfe, 
from  which  future  candidates  may  in  a  great  meafure  be  exo¬ 
nerated.  The  railing  even  one  acre  in  the  manner  here  afcer- 
tained  might  be  productive  of  great  pecuniary  advantage,  if 
the  fads  and  experience  detailed  in  this  paper  are  permitted 
to  prove  the  inutility  of  the  other  two  methods,  and  confe- 
quently  to  remove  the  neceflity  of  employing  fo  much  ground 
upon  them,  at  an  expenfe  they  will  never  repay. 

Ckdfea  College,  Nov.  4,  1801. 


IV. 

A  Firjh  Memoir  on  coloured  Shadows. 

ByCit.  J.  H.  Hassenfratz. 

(Concluded  from  Vol .  VI.  page  285. ) 

PART  THE  SECOND. 

TThOUGH  the  fliadow  produced  by  the  concurrence  of  the  Shadows  pro- 
folar  light  with  that  of  the  atmofphere,  utually  prefents  only  that  ^Jantwo  hghts, 
feries  of  colours  contained  in  the  portion  of  the  fpedrum,  are  more  various 
between  green  and  violet,  it  is  not  the  fame  with  the  co- 
loured  thadows  obferved  in  the  interior  of  rooms,  when  fe-  fore  defcribed. 
veral  lights  dired  or  reflected  concur  with  that  of  the  at¬ 
mofphere  to  enlighten  the  plane  on  which  the  fliadow  is 
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Number  of 
fliadows. 


Combination  of 
colours  to  imi¬ 
tate  the  folar 
fpeflrum. 


Complementary 

colours. 


The  term  does 
not  fubvert  the 
Newtonias 
theory  of  the 
folar  light. 


Complementary 
colours  of  two 
fiiadows  j 


obferved;  thefe  are  capable  of  Ihewing  all  the  colours  of 
the  prifm ;  in  fad!,  we  fee  red,  orange,  yellow,  green,  blue, 
indigo  and  violet,  more  or  lefs  blackened. 

I  he  number  of  thefe  fliadows  is  almot!  always  two  or  three, 
fometimes  four  or  five;  it  has  even  happened  that  we  have 
diftinguilhed  fix. 

When  thefe  fhadows  are  two  in  number,  the  colours  they 
prelent  are  always  thofe  called  corn  pi?  meat  ary  colours. 

The  infinite  variety  of  colours  obferved  in  the  folar  fpec- 
trum  may  be  imperfedily  imitated  by  combining  different  pro¬ 
portions  of  the  natural  colours,  red,  yellow  and  blue  ;  and, 
according  to  the  obfervations  of  Newton,  an  artificial  wdiite 
may  be  formed,  by  mixing  thefe  three  colours.  Thofe  co¬ 
lours  are  denominated  complementary ,  which  mud  be  made 
witli  one  or  two  of  the  three  colours  cited,  to  produce  an  ar¬ 
tificial  white  with  a  given  colour. 

To  obtain  an  artificial  wdiite  writh  a  red,  the  yellow'  and 
blue  muft  be  mixed  with  it.  The  yellow  and  blue  make  a 
green,  green  is  therefore  the  complementary  colour  of  red. 
and  vice  verfa. 

I  he  complementary  colour  of  the  orange  formed  by  yellow 
and  red  is  the  blue. 

T  he  complementary  colour  of  yellow  is  violet. 

As  the  complementary  colours  meet  together  in  a  great 
number  ol  cales,  we  have  thought  it  necelfary  in  the  oulfet 
to  give  them  that  denomination,  which  makes  no  change  in 
the  refults,  by  which  Newton  proves  that  the  folar  ray  is 
compofed  ol  an  infinity  ol  homogeneous  coloured  rays. 

Ir  the  fpedtrum  is  divided  into  two  parts  at  the  point  where 
the  green  commences,  all  the  homogeneous  rays  of  the  lower 
part,  that  is  to  lay,  from  the  beginning  of  the  red  to  the  be- 
ginning  of  the  green,  are  complementary  to  thofe  of  the  upper 
part,  that  is  to  fay,  from  the  green  to  the  violet ;  and  that  in 
the  natural  order  of  their  appearance. 

The  denomination  of  complementary  colours  has  no  other 
object  but  to  point  out  twx>  colours  which  are  found  together 
very  frequently  ;  and  to  avoid,  by  this  fimple  medium,  the 
circumlocution  which  their  dillindlion  would  Jeaxl  to. 

Whenever  two  coloured  fliadows  are  feen,  they  are  nearly 
always  complementary  to  each  other;  that  is  to  fay,  if  the 
iliade  of  one  is  red,  orange,  or  yellow,  that  of  the  other  is 
green,  blue,  or  violet. 


When 
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When  the  number  of  the  Hiadows  is  three,  one  of  them  is 
ilmofl  always  complementary  to  the  other  two. 

When  there  are  four  Hiadows,  two  of  them  are  fometimes 
complementary  to  the  other  two ;  at  other  times,  one  of  the 
fhadows  is  complementary  to  the  remaining  three. 

When  there  are  only  two  coloured  Hiadows,  one  of  them  is 
always  of  the  colour  of  one  of  the  bodies  which  reflets  the 
light.  If  the  apartment,  in  which  the  fhadows  are  feen,  is 
commanded  by  a  covering  of  Hates  which  reflects  a  bluifli  light 
on  the  plane  where  the  Hiadows  fall,  the  two  colours  are  blue 
and  orange  ;  if  the  covering  is  of  tiles,  the  colours  are  nearly 
the  fame.  If  a  meadow  or  trees  refledt  light  into  the  apart¬ 
ment,  the  Hiadows  are  green  and  red.  If  the  apartment  has 
coloured  hangings  which  reflect  the  atmofpheric  light  or  that 
of  the  fun,  the  thadows  will  participate  of  the  colours  of  the 
lights  reflected  externally  and  internally. 

When  the  light  is  refledted  through  glazed  windows  upon 
the  plane  where  the  fhadow  is  feen,  as  the  glafs  is  rarely  co- 
lourlefs,  and  generally  tinged  with  green  or  violet,  according 
as  iron  or  manganefe  predominates  in  its  compofition,  the 
lhadow  participates  in  the  colour  communicated  to  the  light  in 
its  pafTage  through  the  glafs. 

If  the  furface  on  which  the  different  lights  are  received  be 
itfelf  coloured,  the  colours  of  the  fhadow  will  be  affedled  by  it, 
and  the  problem  will  become  more  complicated. 

From  the  obfervations  we  have  collected,  it  follows  na¬ 
turally,  that  the  coloured  fhadows  of  the  interior  of  an  apart¬ 
ment  are  capable  of  yielding  all  the  colours  of  the  fpedtrum  ; 
that  thefe  colours  are  governed  by  thofe  of  the  bodies  which 
refledt  the  light  and  illuminate  the  furface  on  which  the  co¬ 
loured  fhadows  are  obferved.  Thus  far  thefe  obfervations 
offer  nothing  which  could  not  have  been  forefeen  by  every 
perfon  who  had  reflected  a  little  on  Hiadows;  but  that  which 
is  remarkable  is,  that  thefe  fhadows  are  almoH  always  accom¬ 
panied  by  other  fhadows  whofe  colours  are  complementary  to 
the  reflected  colours,  although  no  body  is  difcovered  which  is 
capable  of  reflecting  thefe  forts  of  colours. 

Here  then  is  a  new  fhadow  which  feems  confiantly  to  ac¬ 
company  the  firft,  whofe  colour  has  a  peculiar  affinity  for 
that  of  the  light  which  produces  the  primitive  Hiadow,  and 
depends  on  caufes  which  we  purpofe  to  examine  in  a  fubfe* 
quent  memoir; 

Part 


of  three  ; 


of  four* 


One  of  the  fha¬ 
dows  is  of  the 
fame  colour  as 
the  reflected 
light; 


which  may  be 
varied  by  an¬ 
other  light. 


or  by  palling 
through  glafs, 


or  by  the  colour 
of  the  furface  on 
which  the  lha¬ 
dow  is  received. 

Inferences. 


Other  comple¬ 
mentary  lha- 
dows  not  pro¬ 
duced  by  direct 
reflexion. 
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Part  the  Third. 


Shadows  from 
two  lights  are  of 
different  colours. 


The  effeft  was 
not  varied  by 
the  nature  of  one 
combuftible 
body  made  ufe 
of. 


IF  in  a  clear  moon-light  night,  at  a  time  when  the  lamps 
are  alight  in  Paris,  an  opaque  black  body  be  brought  near  a 
white  paper,  enlightened  both  by  the  moon  and  a  lamp,  two 
diftinft  coloured  fbadows  will  be  perceived,  one  reddifh,  the 
other  bluifh. 

If  a  taper,  a  candle,  a  lamp,  or  any  other  light,  be  brought 
near  a  white  pafteboard  enlightened  by  the  moon,  an  opaque 
body  placed  at  a  fmall  diftance  from  the  pafteboard,  forms  two 
coloured  fhadows ;  that  occafioned  by  intercepting  the  light  of 
the  moon  is  reddifh,  and  that  produced  by  the  other  light  is 
blue. 

Thefe  two  (hadows  may  be  obtained  by  enlightening  a  fur- 
face  with  the  atmofpheric  light  and  that  of  a  lamp ;  but  this 
requires  that  the  light  of  the  almofphere  muft  enter  the  room 
where  the  experiment  is  made,  through  a  fmall  opening,  in 
order  that  the  thadow  may  be  well  defined  when  this  light  is 
fingle. 

By  admitting  the  light  of  the  atmofphere  into  a  darkened 
room  through  an  openingof  a  decimetre  (four  inches)  in  diameter, 
and  illuminating  a  white  pafieboard  by  this  light  and  that  of  a 
lamp,  we  have  found  that  when  the  pafieboard  was  one  or  two 
metres  (yards)  from  the  opening,  two  coloured  fhadows  were 
produced;  that  of  the  atmofphere  is  conftantly  red,  and  that 
of  the  artificial  light,  blue.  We  have  employed  the  lights 
from  coals,  wood,  tapers,  candles,  alcohol,  and  even  hidro- 
gen  gas. 

The  greateft  part  of  the  fhadow’s  obtained  from  two  different 
lights  are  of  two  tints,  the  one  reddifh,  the  other  bluifh. 

The  variations  in  the  colour  of  fhadows  are  independent  of 
the  intenfity  of  the  lights  w  hich  illuminate  the  furface.  We 
were  careful  in  all  the  experiments  w’e  are  going  to  relate,  to 
place  the  light  at  luch  diffances  that  they  fhould  enlighten 
equally  that  part  of  the  white  pafteboard  on  which  the  fhadows 
were  projected  ;  and  to  this  end  w'e  followed  the  method  made 
ufe  of  by  Bouguer,  and  which  conlifts  in  receiving  through 
two  holes,  on  a  piece  of  oiled  paper,  the  rays  from  two  dif¬ 
ferent  lights,  and  removing  the  ftrongeft,  or  bringing  forward 
the  weakeft,  until  the  two  lights  were  of  equal  intenfity  ; 
always  being  careful  to  place  the  eye  at  an  equal  diftance  from 
the  two  enlightened  points. 


The 
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The  experiments  were  made  in  a  dark  room,  every  part  Precautions  in 
of  which  was  painted  black,  for  the  purpofe  of  deftroying  the^!^°^hc  cx“ 
colour  produced  by  refle&ed  light. 

We  at  firft  illuminated  the  pafteboard  by  the  light  obtained  Shadows  from 
from  the  combuftion  of  fifh-oil  in  a  common  lamp,  and  by  the  ^dr°8en  6as  an^ 
light  of  hidrogen  gas,  produced  by  the  diffolution  of  zinc  in 
fulphuric  acid  weakened  with  water.  The  fhadow  produced 
by  intercepting  the  light  of  the  hidrogen  gas,  was  reddifh ; 
that  arifing  from  intercepting  the  light  of  the  lamp,  wasbluith. 

At  the  beginning  we  only  ufed  a  feeble  light  from  the  hidro- 
gen  gas.  Being  fearful  that  the  colour  of  the  fhadows  might 
be  occalioned  by  the  weak  light,  we  filled  a  bladder  with  the 
gas,  and  by  compreffing  the  bladder  ftrongly,  produced  a 
powerful  bright  light :  the  plane  illuminated  by  this  light  and 
that  of  the  lamp,  afforded  a  fimilar  refult ;  the  fhadow  from 
the  hidrogen  gas  was  reddifh,  that  from  the  lamp  bluifh. 

On  enlightening  the  pafteboard  by  the  light  of  a  lamp  and  from  a  lamp  and 
that  of  alcohol,  the  interception  of  the  light  of  alcohol  pro-  alco^01 » 
duced  a  reddifh  fliadow,  and  that  of  the  lamp  a  bluifh  lhadow. 

By  illuminating  it  with  the  light  of  the  lamp  and  that  of  a  from  a  lamp  and 
candle,  the  fhadow  from  the  candle  was  black,  with  a  light- a  cand*e» 
reddifh  tinge;  that  of  the  lamp  was  black,  with  a  light-bluifh 
tinge. 

The  pafleboard  being  illuminated  with  the  light  of  a  lamp  from  a  lamp  and 
and  that  of  a  taper,  the  fhadow  from  the  taper  was  black  llightly  a  taPer » 
reddened,  and  that  of  the  lamp,  black  a  little  bluifh. 

The  pafleboard  illuminated,  at  the  fame  time,  by  the  light  from  a  lamp  and 
of  a  lamp  and  that  from  the  combuflion  of  wood,  the  fhadow  wood» 
thrown  by  the  light  of  the  wood  was  a  violaceous  blue;  that 
of  the  lamp  a  reddifh  yellow. 

The  experiment  was  tried  with  wood  burning  with  difficulty,  in  different 
and  producing  little  flame;  with  very  dry  wood  producing ftates* 
much  flame ;  with  chips  of  wood  producing  a  white  flame, 
which  reddened  that  of  the  lamp.  When  the  furface  was 
enlightened  with  lights  of  equal  intenfity,  the  coloured  fhadows 
offered  little  variation  ;  that  proceeding  from  the  light  of  the 
wood  was  violaceous  blue,  that  of  the  lamp  reddifh  yellow. 

The  firft  experiment  was  repeated  in  glafs-houfes  where  The  experiment 

wood  is  burnt.  However  bright  the  flame  might  be  which  repeat,ed  in  a 
11  ii  i  •  n  in?  glafs-houfe 

was  emitted  through  the  working  flues,  the  fhadow  produced  where  wood  is 

by  it  on  a  furface  alfo  illuminated  by  the  light  of  a  lamp,  was  a  burnt5 

violaceous  blue,  while  that  from  the  lamp  was  reddifh  yellow. 

On 
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in  an 


in  a  glafs-houfe 
where  culm  is 
burnt i 


iron  forge;  On  illuminating  the  pafteboard  by  the  light  ot  a  lamp  anci 
that  from  the  combuftion  of  culm  in  an  iron  forge,  the  lhadow 
ariiing  from  the  light  of  the  culm  was  bluilh,  and  that  from  the 
lamp  reddifh. 

On  illuminating  the  pafteboard  by  the  light  of  a  lamp  and 
that  from  the  culm  burnt  in  the  furnaces  of  a  glafs-houfe,  where 
the  brilliant  flame  of  the  working  flues  reddened  that  of  a  lamp, 
the  refult  was  fimilar  to  the  preceding:  the  light  from  the 
culm  produced  a  blue  lhadow,  and  that  of  the  lamp  a  reddifh 
lhadow. 

with  a  lamp  and  When  the  pafteboard  is  illuminated  by  the  light  of  a  lamp 
charcoal.  anj  tfiat  from  the  combuftion  of  charcoal,  the  thadow  of  the 
charcoal  is  blue,  and  that  of  the  lamp  red. 

-  The  pafteboard  illuminated  by  the  light  of  a  lamp  and  that 
of  charcoal  urged  by  the  large  bellows  in  a  chemical  furnace, 
fo  as  to  produce  a  whitilh  light  as  well  as  that  violaceous  light 
fometimes  obferved  in  the  furnaces  of  a  forge  and  in  tall  fur¬ 
naces,  conftantly  afforded  the  fame  relult.  In  thefe  two  cafes 
the  fliadow  from  the  light  of  the  charcoal  was  bluifli,  and  that 
Probability  that  from  the  lamp  reddilh.  The  identity  of  the  colours  of  the 

the  coiour  °t  fhadows  obtained  in  thefe  three  experiments  with  charcoal, 
the  fhadows  is  1 

produced  by  the  notwithftanding  the  colour  of  the  flame  was  different  in  each 
experiment,  leads  to  an  opinion  that  the  refult  depends  on  the 
nature  of  the  combuftible.  Neverthelefs,  to  obtain  more  pro¬ 
bability,  we  made  further  obiervations.  We  filled  a  chemical 
furnace  with  charcoal,  and  having  covered  it  with  its  dome 
for  the  purpofe  of  comparing  the  fliadow  of  the  dire6I  light  of 
the  violaceous  flame  ariiing  from  the  combuftion  of  the  char¬ 
coal,  with  that  of  the  light  of  a  lamp,  we  took  notice  of  the 
fhadows  of  thefe  two  lights  at  the  moment  when  the  flame 
Singular  change  appeared  at  the  fummit  of  the  furnace.  For  a  confiderable 

of  cn  our  in  the  {jme  we  0bfervecl  that  the  colours  of  the  fhadows  were  very 
lhadows.  #  •' 

uncertain  :  fometimes  the  fliadow  of  the  lamp  was  blue,  and 

that  of  the  flame  red  ;  at  other  times  the  lhadow  of  the  flame 
was  blue,  and  that  of  the  lamp  red.  This  alternate  change  in 
the  colours  of  the  fhadows  from  blue  to  red,  continued  until 
the  charcoal,  which  was  in  the  upper  part  of  the  dome,  was 
completely  inflamed  ;  then  the  colours  of  the  two  fhadows  be¬ 
came  fixed,  that  from  the  flame  of  the  charcoal  became  bluifli, 
and  that  from  the  light  of  the  lamp  reddifh. 

Repetition. of  As,  from  the  obfervations  of  feveral  perfons  to  whom  thefe 
by'bu^nin^die  rc^u^  were  communicated,  we  were  induced  to  believe  that 

the 
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the  great  intenfity  of  the  light  of  charcoal  obtained  by  its  com-  charcoal  in  cxi- 

buftion  in  oxigen  gas,  might  change  or  make  fome  variation  6enga:>> 

in  the  colour  of  the  lhadows,  we  ignited  the  extremity  of  a 

piece  of  charcoal,  and  urged  its  combuftion  by  a  jet  of  oxigen 

gas ;  the  gas  was  contained  in  a  bladder,  which  was  preffed 

by  the  arm  ;  the  light  obtained  was  extremely  brilliant.  A  with  a  fimilar 

white  parchment,  illuminated  at  the  fame  time  by  this  light rel'ult* 

and  that  of  a  lamp,  prefented  two  coloured  fhadovvs ;  that 

from  the  light  of  the  charcoal  was  blue,  and  that  from  the 

lamp  red. 

From  the  experiments  we  have  detailed  it  refults,  that  the  Summary  of  the 
fhadow  of  the  light  of  hidrogen  and  of  alcohol  is  reddifh,  when  exP£rimtnts  1 
that  of  the  lamp  is  blue  ;  that  the  fhadow  of  the  light  of  wood, 
of  culm,  of  charcoal,  is  bluifh,  and  that  from  the  light  of  the 
lamp  is  reddifh ;  and  as  hidrogen  and  alcohol  contain  lefs 
carbon  than  oil — and  dry  wood,  culm,  and  charcoal  contain 
lefs  hidrogen  than  oil;  it  would  feem  that  the  blue  and  red  whence  it  is  in¬ 
colours  of  the  thadows  of  the  two  artificial  lights,  bear  a  relation  fe7ed  ^at 
to  each  other  correfponding  with  the  proportions  of  thefe  two  fhadows  depends 

combuftibles  ;  that  the  light  produced  by  a  fubfiance  in  which  on  the  F^omi- 

° .  1  J  nancy  of  hidro* 

hidrogen  predominates,  gives  a  reddifh  fhadow,  and  that  pro- gen  or  carbon. 

duced  by  a  l'ubftance  in  which  carbon  predominates,  affords  a 

biuifh  fhadow. 

Although  our  experiments  appear  to  lead  to  that  conclufion, 
and  we  took  great  care  to  be  certain  that  the  red  and  blue 
fhadovvs  produced  by  the  two  lights  were  independent  of  the 
rapidity  of  the  combuflion  and  intenfity  of  the  lights ;  never- 
thelefs,  we  dare  not  hazard  the  prefenting  this  refult  as  forming 
a  general  law;  we  prefer  waiting  until  time  and  new  experi¬ 
ments  fhall  confirm  or  deftroy  them. 


Recapitulation. 

FROM  the  obfervations  and  experiments  related  in  this 
memoir,  it  follows, 

1 ft.  That  the  fliadows  formed  by  the  direct  light  of  the 
fun  and  that  of  the  atmofphere,  vary  from  meadow-green  to  a 
violet-black,  in  a  gradation  through  the  blue,  indigo,  and 
violet ;  and  that  this  variation  depends  on  the  intenfity  of  the 
light  (of  the  fun)  compared  to  that  of  the  atmofphere. 

2d.  That  the  fhadows  formed  in  apartments  by  the  light  of 
the  atmofphere  and  reflected  lights,  may  prefent  all  the  pris¬ 
matic 
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matic  colours,  more  or  lefs  changed  by  black  ;  and  that  the 
tints  of  the  fiiadows  obferved  are  always  complementary  to 
each  other. 

3d,  That  the  fiiadows  produced  on  a  pafieboard  illuminated 
by  artificial  lights,  are  reddilh  and  bluifii,  more  or  lefs  deep  ; 
and  that  very  probably  the  bluifh  and  reddifh  tints  of  the 
fiiadows  depend  on  the  proportions  of  hidrogen  and  carbon 
in  the  combufiible  bodies. 

The  fubjeft  to  We  purpofe,  if  the  Infiitute  judges  this  fubjeft  worthy  of 
their  attention,  to  make  known,  in  other  memoirs,  the  expe¬ 
riments  we  have  made  to  determine  the  different  caufes  which 
contribute  to  form  coloured  fiiadows  in  every  particular  cir- 
cumflance. 


V. 


Account  of  the  Preparation  of  the  Hyacinthus  non  feriptus ,  or 
common  Blue-Bell,  as  a  Suhflitute  for  Gum-Arabic.  In  a 
Letter  from  Mr .  Thomas  Willis  of  Lime-Street,  London,  com¬ 
municated  to  Charles  Taylor  Efq •  Secretary  to  the  Society  of 
Arts  *. 


SIR, 


Communication 
by  Mr.  Deyeux 
refpe&ing  gum 
from  the  hya¬ 
cinthus  non 
feriptuj. 


I  HAVE  obferved  in  the  Appendix  of  the  laft  Monthly 
Review',  in  their  Report  of  the  Chemical  Annals,  No.  115, 
that  mention  is  made  of  a  letter  from  Mr.  Deyeux,  to  the 
authors  of  the  Annales  de  Chimie;  in  which  an  account  is 
given  that  a  gummy  fubftance  had  been  difeovered,  by  Mons. 
Deyeux,  to  be  contained  in  the  bulb  of  the  plant  called  hya¬ 
cinthus  non  feriptus ;  and  that  the  reviewers  only  fay,  “  This 
"  article  does  not  at  prefent  require  any  further  notice  than 
annunciation. ”  As  I  know,  Sir,  your  benevolent  difpofition 
in  promoting  and  encouraging  the  arts,  the  fciences,  and 
manufactures  of  this  kingdom,  I  beg  leave  to  offer  the  follow¬ 
ing  obfervations  on  the  above-mentioned  article,  which  I  think 
a  fubjedt  proper  to  lay  before  your  moft  excellent  Society, 
and  which  I  have  no  doubt  may  become  of  national  utility. 


*  Extracted  from  the  Society’s  Memoirs  from  page  202« 
filver  medal  was  adjudged  to  this  Communication. 
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In  the  year,  1794,  whilft  collecting  plants  in  a  wood  for  Difcovery  of  this 
botanical  fpecimens,  I  obferved  that  the  root  of  the  hyacinthus  1794 

non  fcriptus,  the  plant  commonly  called  blue-bells,  or  hare¬ 
bells,  was  extremely  mucilaginous  ;  and  on  tailing  it,  I  dif- 
covered  only  a  very  flight  pungency.  I  collected  a  pound  of 
the  bulbs,  and,  after  llicing  and  drying  them  before  a  fire, 
they  yielded  about  four  ounces  of  powder.  I  thought  that 
by  keeping  the  powder  fome  time,  the  little  acridnefs  might 
go  off,  as  it  does  in  the  arum-root  powder.  I  tailed  it  about 
fix  months  after,  and  found  it  perfectly  infipid.  I  concluded 
it  might  be  rendered  ufeful  for  food  or  nourilhment,  but  at 
that  time  purfued  the  matter  no  further. 

In  the  fpring  of  1800,  gum-arabic  having  been  a  long  time  Propofol  in  1 800 
very  dear,  and  likely  to  continue  fo,  I  thought  this  mucilagi-  ^ guni-arabic^ 
nous  root  might  anfwer  fome  of  its  purpofes,  for  external  ule. 

I  therefore  procured  feven  pounds  and  a  half  of  the  bulbs, 
which,  when  lliced  and  dried,  produced  two  pounds  of  pow¬ 
der.  Being  foon  afterwards  in  company  w'ith  Mr.  Charles 
Taylor,  Secretary  to  the  Society  of  Arts,  &c.  I  mentioned 
to  him  that  I  had  difeovered  a  root  which  grew  in  great  plenty 
in  this  kingdom,  yielded  a  very  llrong  mucilage,  and  which 
I  imagined  would  anfwer  the  purpofe  of  gum-arabic,  in  fome 
©f  the  manufactories.  He  faid,  if  I  pleafed,  he  would  fend 
fome  of  it  down  to  Manchefter,  to  be  tried  by  the  calico- 
printers. 

Three  or  four  ounces  of  the  powder  were  given  him,  and  Trial  at  Man- 
fent  down  there:  he  was  informed,  upon  trial,  that  it  an-  J^efterfuccefs- 
fwered  the  purpofes  of  fixing  the  calico-printers  colours, 
equally  as  well  as  gum-arabic ;  and  in  the  fame  proportion, 
of  an  ounce  and  a  half  of  the  powder,  to  four  ounces  of  the 
mordant.  Mr.  Taylor  received  the  famples  of  the  printed 
cottons  on  which  it  had  been  ufed. 

On  the  15th  of  January,  1801,  I  furnifhed  Mr.  Taylor 
with  eight  ounces  more  of  the  powder ;  but  have  not  fince 
heard  the  refult. 

As  this  root  can  be  eafily  procured,  and  ufed  at  a  lefs  price  The  root  it 
than  gum-arabic  has  been  fold  for  feveral  years  part,  I  think  cheap‘ 
it  may  be  rendered  of  great  utility ;  and  the  Society  of  Arts, 

&c.  by  patronizing  it,  may  be  the  means  of  making  it  a  public 
benefit. 
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Inftruftions 
for  collating 
tbe  root*  and 
fecuring  their 
growth. 


Carr  fhould  be  taken,  and  advice  given,  that  the  wood.1 
fhould  not  be  left  deftitute  of  the  roots  ;  and  it  would  be  ad¬ 
visable  to  offer  premiums  for  the  cultivating  the  roots  and 
offsets,  as  they  are  very  increafing.  By  fuch  means  a  con- 
flant  fupply  may  be  had,  if  the  roots  anfwer  the  intended 
purpofes. 

I  do  not  prefume  to  offer  any  thing  refpefting  the  mode  in 
which  the  Society  may  think  proper  to  divulge  the  difeovery, 
and  promote  the  ufe  of  thefe  roots;  but  I  imagine,  that  if  the 
roots  arebruifed  and  ufed  frefli,  they  would  anfwer  the  purpofe 
better  than  when  dried  and  powdered  ;  and  as  it  is  now  a 
proper  time  of  the  year  for  taking  them  up,  and  will  continue 
to  be  fo  for  two  months,  I  with  that  the  difeovery  may  be  made 
known  as  foon  as  poffible. 

I  have  fent  you  fpecimens  both  of  the  dried  roots  and  powr- 
der,  that  they  may  be  feen  at  the  Society’s  rooms,  by  the 
calico-printers.  What  I  have  done  have  been  fcorched  a 
little  in  drying;  but  the  colour  would  be  much  better,  if  proper 
care  was  taken  in  drying  them. 

I  am,  SrR, 

Your  moft  obedient  Servant, 

Lime-Street,  THOMAS  WILLIS. 

March  17,  1802. 


To  John  Bal  er,  Efq.  one  of  the  Mem - 
hers  of  the  Society  of  Arts,  §c. 

From  the  trials  made  before  the  committee  with  this  powder, 
with  hot  and  cold  water,  from  famples  of  the  printed  cotton 
produced  which  had  been  printed  therewith  inflead  of  gum 
fenegal,  and  from  experiments  made  in  Manchefter,  it  ap¬ 
pears  that  the  hyadnthus  non  feriptus  may,  in  many  cafes,  be 
found  a  ufcful  fubflitute  for  gum-arabic. 


A  Memoir 
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VI. 


A  Memoir  on  Vinous  Fermentation:  by  Cit.  Thenard  *. 

1  HE  vinous  fermentation  has  hitherto  received  more  atten-  The  vinous  fer- 
tion  than  the  acetous  or  putrid,  not  perhaps  that  it  has  any  deride* dToTe^ 
thing  in  it  more  remarkable,  or  more  worthy  of  our  conddera- caufemoft  ufe« 
tion,  but  becaufe  it  is  in  the  natural  order  of  things,  to  take  ful* 
more  intereft  and  fet  more  value  on  wdiat  is  of  moll  immediate 
utility. 

The  date  of  the  difcovery  of  the  vinous  fermentation  ap-  Known  to  the 
pears  too  wrell  edabli filed  to  be  called  in  quedion.  All  hidorians  mo.ft  anaent 

r  .  ,  ,  ...  .  nations. 

agree  in  laying,  that  the  molt  ancient  nations  knew  how  to 
prepare  fpirituous  drinks.  It  afcends  therefore  to  the  remoted 
times  ;  and,  if  we  pay  any  credit  to  the  poets,  we  muff  carry 
it  back  to  the  fabulous  ages.  Indeed  it  would  be  furprifing,  Its  phenomena 
if  it  efcaped  the  notice  of  the  earlied  of  men.  An  ebullition  exC!te mention, 
arifing  fpontaneoufly  in  a  liquid,  a  whole  maf$  riling  of  itfelf, 
a  fweet  liquor  becoming  vinous,  the  change  of  a  faccharine 
matter  into  an  ardent  fpirit,  are  all  extraordinary  things,  cal¬ 
culated  to  drike  the  attention,  and  awaken  the  delire  of  tracing 
them  to  their  fird  caufes.  Accordingly  there  is  no  phenomenon  and  ^ave  ^  t0 
more  early  obferved,  and  none  that  has  been  the  fubjedt  of  meats';*^11” 
more  confideration,  or  has  given  birth  to  more  experiments ; 
yet,  from  one  of  thofe  contrails  that  rarely  occur  in  the  annals  hitherto  little 
of  Icience,  though  it  has  been  the  mod  fludied,  there  is  not  known* 
perhaps  one,  with  which  we  are  lefs  acquainted.  It  has  been  Allchemifts 
a  rock,  oir  which  the  endeavours  ol  chemifls  in  all  ages  have  explain ^  ^ 
fplit.  Becher,  fo  celebrated  for  his  fubterranean  phyfics,  Stahl, 
the  Nedor  of  the  ancient  chemidry,  Boerhaave,  whofe  ideas 
were  fo  great,  Rouelle,  to  whom  fcienee  is  indebted  for  part 
of  the  progrefs  it  has  made  during  the  lafl  half  century,  and 
Macquer,  that  mailer  in  the  art  of  writing,  all  failed  in  their 
attempts  to  penetrate  this  myllery  of  nature.  Lavoilier,  who  except  Lavoifier 
was  capable  of  furmounting  the  greated  obdacles,  is  the  only  'vhoalone  mad.e 
perfon,  who,  enlightening  the  whole  lphere  of  chemidry  by  it. 
his  genius,  travelled  this  obfcure  path  without  wandering  out 
of  his  road.  His  inquiries  into  fermentation  will  ever  remain  His  inveftigation 

a  model  of  vegetable  anal  yds.  In  this,  as  in  every  thing  elfe  lsam°delof 

°  J  j  e>  vegetable  analy» 

*  Annals  de  Chimie,  June  1803.  p.  294. 
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But  he  left  it 
imperfect. 


lie  did,  he  obferved  that  flridnefs  of  dedudion  and  accuracy 
of  operation,  which  are  his  charaderiftics,  and  which  may  be 
confulered  as  the  fource  of  the  fplendid  difeoveries,  that  will 
for  ever  iliuftrate  his  name.  Still,  notwithfianding  the  ex¬ 
cellence  of  what  he  did,  he  was  far  from  leaving  nothing  more 
to  be  done.  Though  he  (lied  great  light  on  this  part  of  fcience, 
the  obfeurity  with  which  it  was  enveloped  was  fo  great,  that 
it  is  dill  feen  only  through  a  miff.  This  is  a  truth  that  did  not 
efcape  himfelf ;  he  was  well  aware  that  he  had  only  laid  open 
the  path  to  the  goal,  which  no  doubt  he  would  have  reached, 
no  doubt  he  would  have  completed  the  career  he  had  begun 
with  fuch  fuccefs,  had  not  death,  jealous  of  his  fortune  and 
glory,  robbed  fcience  of  his  labours. 

I nyfei mentation  All  we  know  of  fermentation  in  fact  is  confined  to  this,  that 

lugar  is  convert-  ^  faccjiarjne  matter  is  converted  into  alcohol  and  carbonic 
cd  into  alcohol  .  . 

aad  carbonic  acid  by  means  of  an  intermediate  lubftance.  But  what  is  the 

jcid,  by  means  of  nature  0f  this  fubflance  ?  and  how  does  it  act  on  the  fugar? 
‘m  1  1  imC(i  ate  Thefe  two  grand  queftions  form  the  fubjed  of  the  prefent 
memoir ;  queftions  ihat  have  been  often  attempted,  without 
ever  having  beenfolved.  Some  have  thought,  that  the  ferment¬ 
ing  principle  refided  in  the  extradive  matter.  Others  would  have 
it  to  be  in  the  mucilage,  becaufe  this  more  frequently  accom¬ 
panies  the  extradive  matter.  Some,  again  deceived  by  the 
prefence  of  tartar  in  wine,  have  imagined  they  found  in  this 
found  in  alffer-  ^  true  ferment  ;  but  if,  inftead  of  confining  themfelves  to  the 
mentmg  liquors,  fermentation  of  the  mull:  of  grapes,  they  had  turned  their  at¬ 
tention  to  that  of  other  juices,  in  which  analyfis  cannot  difeover 
the  exigence  of  this  fait,  they  certainly  would  not  have  fallen 
into  this  error.  Others,  laftly,  inconfiderately  adopting  all  thefe 
opinions,  have  aflerted,  that  a  mixture  of  thefe  different  matters 
prefide  as  it  were  over  fermentation,  effeding  the  decom- 
pofition  of  the  fugar,  and  its  converfion  into  alcohol  *. 

Of  thefe  hypothecs  (ome  are  evidently  falfe;  others  are 
(educing,  and  acquire  from  fpecious  reafoning  fome  degree  of 
probability.  But  before  we  admit  them,  we  muft  confult  ex- 


lubftance.  But 
what  is  this  ? 
and  how  does  it 
a<£t  ? 

Imagined  to  be 
extractive  mat¬ 
ter, 

mucilage, 

tartar, 

which  lafl:  is  not 


or  a  mixture  of 
all  thefe. 


*  Mr.  Thennrd  here  gives  a  long  note,  to  prove  he  had  not  feen 
the  prize  effays  written  in  1787  and  1788  by  Fabroni,  from  whom 
fome  peri'ons  at  Paris  accufed  him  of  having  borrowed,  and  to  (how, 
that  Fabroni  and  he  differ  eflentially  in  this  theory ;  but  it  is  here 
omitted  as  irrelevant.  T. 
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perience ;  we  ought,  leaving  them  all  out  of  the  queffion, 
to  deduce  from  obiervation  the  theory,  which  we  are  too  apt  to 
form  beforehand.  If  the  genius  of  Stahl,  inffead  of  giving  Stahl  mifled  by 
birth  to  phlogiffon,  a  being  that  never  exiffed  but  in  the  negledTof  ex¬ 
brilliant  imagination  of  that  extraordinary  man,  had  inter-  periment. 
rogated  nature  by  means  of  experiment  more  than  he  did, 
perhaps  it  would  not  have  gone  affray  ;  perhaps  Stahl  would 
have  difeovered  the  truth,  and  deprived  France  of  the  glory 
of  having  produced  the  author  of  the  modern  theory  of  che- 
miffry.  Such  is  the  courfe  I  have  purfued.  Before  I  formed  Fa£te  obferved 
or  adopted  any  fyffem,  I  obferved  fadfs,  and  deduced  from  ^  tlie  ‘‘ut^or’ 
them  confequences,  which,  it  appeared  to  me,  muff  guide  us 
to  the  view  of  what  paffes  in  liquors  under  fermentation.  But 
in  a  fubjedf  of  fuch  nicety  nothing  is  more  eafy  than  to  deceive 
ourfelves ;  and  it  is  particularly  for  the  purpofe  of  correcting 
my  notions,  if  they  be  not  juff,  that  I  fubmit  to  the  clafs  the 
refult  of  my  inquiries  *. 

My  firft  obfervations  were  made  on  the  juice  of  goofeberries,  He  firft  examln* 
which  I  had  ffrong  reafons  to  prefer  to  any  other  ;  its  fermen-  juife,°a3bfer- 
fation  proceeding  with  moff  celerity,  fo  that  it  is  confequently  mentingmoft 
beff  calculated  to  throw  light  on  the  caufes  that  produce  it,  quickb  > 

All  my  refearches  were  directed  at  firft  to  difeover  the  matter,  in  order  to^dif- 
that  ferves  as  a  ferment.  It  would  be  making  a  great  ftep, 
and  almoff  refolving  the  problem,  or  at  leaf!  difeovering  a 
number  of  truths  not  yet  known,  to  determine  the  nature  of 
this  matter,  and  toafeertain  whether  it  be  always  one  and  the  and  whether  it 
fame,  or  whether  there  be  feveral  that  poflefs  this  property,  fubftance^  or^ 
This  important  queffion  had  ffruck  me  long  ago :  I  had  even  feveral. 
meditated  upon  it  occafionally,  and  promifed  myfelf  to  attempt 
its  folution,  when  the  Inffitute  propofed  it  as  a  fubjedt  of  a 
prize.  This  was  an  additional  ffrong  motive  to  rny  purfuing 
it.  I  was  far  from  being  difpofed  to  admit  feveral  fermenta-  Hefuppofed  it 
live  principles  ;  every  thing  led  me  to  believe,  that  there  was  [h£bfa™e  .am* 
but  one,  and  that  it  was  none  of  thofe  hitherto  fufpedled,  finee 
in  fadt  neither  extra&ive  matter,  nor  mucilage,  nor  tartar,  &c. 
adts  upon  fugar.  But  this  required  pofitive  demonff ration  ;  and  this,  though 
and  though  I  have  yet  no  abfoiute  proofs  of  it,  as  it  is  by  no  moRpM**'' 
means  demonftraled,  that  there  are  feveral,  and  one  is  ob-  table, 
ferved  on  all  occafions,  this  opinion  feems  to  me  at  prefent  to 
deferve  the  preference. 


cover  whatfervea 
as  the  ferment. 


*  This  paper  was  read  to  the  National  Inftitute, 
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Goofeberry  juice 
contains  a  flight- 
ly  glutinous 
matter,  which, 
feparated  by 
filtration, 


occafioned  a 
mixture  of  fugar 
and  water  to  fer¬ 
ment, 


and  become  vi¬ 
nous. 

But  as  it  fcarcely 
effedts  this  on 
fix  times  its 
weight  ;  it  may 
be  prefumed  to 
contain  but  a 
fmall  portion  of 
the  fermentative 
principle. 

This  ceuld  not 
be  obtained 
apart; 

not  apparently 
altered  by  hav¬ 
ing  produced 
fermentation  ; 
but  it  ceafed  to 
yield  ammonia. 


The  germ  of 
fermentation  is 
therefore  of  an 
animal  nature, 

not  feparable  by 
reagents. 


The  author 
therefore  had  re- 
courfe  to  fer 
mentation. 


VINOUS  FERMENTATION. 

Through  a  linen  cloth  of  clofe  texture  I  prefled  out  the  juice? 
of  a  killogramme  of  goofeberries.  It  was  turbid,  and  held 
in  {ufpenlion  a  (lightly  glutinous  matter,  which  I  feparated 
by  the  filter,  and  waflied  in  a  large  quantity  of  water.  As 
nothing  is  to  be  negle&ed  in  experimental  fcience,  and  the 
mod  trifling  fa<5t  frequently  leads  to  important  confequences, 
1  fubje&ed  this  matter  to  a  regular  examination.  I  firfl  mixed 
it  with  fugar  and  water,  to  fee  whether  it  would  caufe  them 
to  ferment ;  and  I  foon  perceived  many  bubbles  of  an  elaflic 
fluid  to  be  extricated,  which  I  found  to  be  carbonic  acid. 
The  effervefcence  continued  a  week,  and  at  the  end  of  this 
period  the  liquor  was  a  pleafant  drink,  but  (lightly  faccharine; 
it  contained  a  great  deal  of  alcohol,  and  might  eafily  have 
been  miflaken  for  a  wine  not  yet  completely  made.  It  may 
be  fuppofed  I  redoubled  my  zeal  and  attention  in  the  exami¬ 
nation  of  a  fubflance,  that  offered  me  whai  I  fought.  It  was 
natural  firfl  to  inquire,  whether  the  whole  of  it  were  adapted 
to  decompofe  fugar;  but  a  fixth  part  of  its  weight  being  fcarcely 
able  to  effeft  this  decompofition,  I  concluded,  that  it  con¬ 
tained  the  fermentative  principle  only  in  fmall  quantity.  This 
I  attempted  every  method  in  vain  to  feparate,  and  obtain  apart : 
nothing  therefore  remained  for  me,  but  to  compare  it  before 
and  after  it  had  ferved  to  produce  fermentation.  It  was  not 
apparently  altered  by  this  procefs ;  being  dill  infipid,  infoluble 
both  in  water  and  in  alcohol,  and  affecting  neither  infuflon 
of  litmus  nor  fyrup  of  violets:  but  on  diftillation  it  no  longer 
afforded  any  trace  of  volatile  alkali.  This  refult,  at  which 
I  was  not  furprifed,  and  which  a  fecond  experiment  confirmed, 
was  neverthclefs  a  ray  oflight,  that  confirmed  me  in  the  courfe 
I  (liould  purfue.  It  (bowed  me,  that  the  germ  of  fermenta¬ 
tion  was  of  an  animal  nature,  it  agreed  with  the  ideas  I  had 
before  conceived,  and  gave  to  my  fufpicions  an  appearance 
of  reality. 

I  now  examined  the  juice  of  goofeberries  with  great  care, 
to  difeover  this  animal  matter,  which  I  confidered  already  as 
the  true  ferment.  As  it  was  infoluble  by  itfelf,  it  muft  be 
combined  with  fome  fubflance,  that  held  it  in  folution.  All 
the  reagents  I  employed  failing  to  anfwer  the  purpofe,  I  had 
recourle  to  fermentation  itfelf,  and  oblerved  the  phenomena 
produced  by  it  under  all  circumffances.  I  made  my  experi¬ 
ments  on  nearly  a  litre  of  filtered  and  perfeftly  clear  juice. 

I  The 
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Tlie  apparatus  was  placed  in  a  dove,  where  the  thermometer  Filtered  goofc- 
k  m  M  *  bcrrv  imcc  in 

flood  at  20°:  it  was  not  long  before  a  fermentation  was  evident;  a  heat  0f  20S 

a  large  quantity  of  carbonic  acid  was  presently  evolved  ;  much  foon  fermented; 

froth  was  formed;  the  liquor  lofl  its  tranfparency,  and  it  even  ^a^ontcac'id, 

became  fo  turbid,  that  a  fediment  wras  thrown  down,  which  was  covered  with 

was  more  evident  as  the  fermentation  approached  its  end.  This  [roth> 

*  *  #  #  became  turbid  j 

fediment  was  of  a  yellowith  white  colour,  glutinous,  void  of  anddepofited  a 

tafle,  grew  brown  on  drying  in  the  open  air,  and  became  foment  of  a 

]  6  „  ,  \  .  .  ,  r  yellowith  white, 

flightly  acid.  Thrown  on  redhot  coals  it  burnt  in  the  lame  glutinous,  in- 

manner  as  animal  fubdances :  diddled  in  a  fmall  retort  it  af-  hpid,  grew 

iorded  a  condderable  quantity  of  carbonate  of  ammonia  even  andllightfySd! 

crydallized.  It  made  fugar  ferment  with  extreme  prompti-  On  redhot  coals 

tude.  In  diort  it  was  a  fubdance  perfectly  analogous  to  the 

yead  of  beer.  ftance,  and  af- 

I  was  eager  to  try  whether  this  phenomenon  wTere  general,  f°rded  carbonate 

,  °  J  ,  r  r  •  1  •  of  ammonia 

as  it  ought  to  be  according  to  my  mode  or  realomng:  and  in  when  diftilled. 

fact  experience  foon  taught  me,  that  it  was  common  to  all It:  caufed  fugar 
...  n  r  r  .  nr  to  ferment;  and 

juice  in  a  ltate  or  termentation.  1  he  mult  ot  grapes,  the  is  perfe£tiy  ana- 

juice  of  cherries,  pears,  peaches,  aud  apples,  and  the  decoc-  logous  to  yeaft. 

tion  of  barley  and  of  wheat,  afford  yead  in  their  fermenta-  common^all2 

tion.  The  grape  juice  yielded  more  than  the  others,  though  fermenting 

lefs  than  that  of  goofeberries :  accordingly  it  did  not  ferment  Fflces*.  . 

0  _  0  J  Grape  juice 

fo  readily  as  the  latter.  The  juices  of  cherries  and  peaches  yields  moft  next 
depodted  nearly  the  fame  quantity  ;  thofe  of  pears  and  apples  that  °f  goofe- 
afforded  very  little,  which  is  the  reafon  why  their  fermentation  The  juices  of 
is  fo  flow.  I  could  have  wiflied  to  have  had  a  greater  number  peart  and  apples 
of  fruits  at  my  difpofal,  that  I  might  have  varied  my  experi-  whence^they 
ments  more:  they  were  fufdcient,  however,  to  prove,  that,  ferment flowly. 
where  alcohol  is  formed,  a  fediment  of  yead  is  commonly  fo^^wheiT^ 
formed  likewife.  If  they  who  have  any  doubt  on  the  lubjedl  alcohol  is  pro- 
remaining  will  maturely  condder  the  two  following  experi-  duced } 

0  '  .  cvcn  from  honey 

ments,  I  believe  they  will  And  themfelves  convinced.  I  knew  and  water,  and 

that  honey  diluted  with  water  would  gradually  be  converted  diabetic  unne* 

iuto  a  liquor  containing  fpirits.  Cullen  informs  us,  that  the  fac- 

charine  urine  of  a  diabetic  patient  undergoes  in  time  the  fame 

change**  Accordingly  I  fet  both  of  thefe  to  ferment,  and  the 

fediment  of  yead  was  formed  in  each. 


*  It  was  Dr.  Dobfon  of  Liverpool,  who  firft  found,  that  diabetic 
urine  changed  flrft  into  a  vinous  liquor,  and  afterward  into  an 


acetous,  before  it  became  putrid.  T. 


It 
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So  that  in  every  It  maybe  laid  down,  therefore,  as  demonfirated,  that  in 
xnenta^ion  an  every  fpirituous  fermentation  an  animal  matter  is  depofited, 
animal  matter  is  fimilar  in  all  refpedts  to  that  arifing  from  wort,  pollening  ab- 
to  ycaft ' d  ,  milar  folutely  the  fame  properties,  and  in  particular  that  of  decom- 
pofing  fugar,  and  converting  it  into  carbonic  acid  and  fpirit 
of  wine.  This  gives  rile  to  a  new  queftion,  that  naturally 
Is  this  generated  prefents  itfelf,  and  ought  next  to  occupy  our  attention.  Is  the 
in  the  procris  of  eafj  enerated  jn  the  procefs  of  fermentation,  or  rather  was 

fermentation?  ....  ,  .  -  - 

it  already  formed,  and  did  lerveasa  ferment? 

No  direa  proof,  I  mufi  confefs  we  have  yet  no  experiments,  which  dire&Iy 
that  nature  cm-  prove,  that  nature  employs  this  fubllance  exclufively  to  effect 
cl u finely6 as  a  ^ie  converfion  of  fugar  into  alcohol  and  carbonic  acid,  f'or 

ferment.  why  fliould  it  be  depofited  when  the  fermentation  has  taken 

place  ?  It  may  be  faid  indeed,  that  the  fugar  holds  it  in  folu* 
lion,  that  it  can  difiolve  more  than  is  necefifary  for  its  decom- 
pofition,  and  that  then  the  excels  is  precipitated.  But  this 
theory  is  feebly  fupported  by  experiment.  Is  this  a  fufficient 
reafon,  however,  to  reject  it  altogether  ?  Have  we  not  feveral 
infiances  of  compounds,  that  require  much  time  for  their  for¬ 
mation?  and  this  perhaps  is  what  occurs  in  the  juices  of  fruits, 
where  the  ferment  and  the  fugar  are  long  in  contadt  with  each 
If  itbeaproduft  other.  What  is  certain,  or  what  at  leafi  appears  probable,  is, 
if  pTobab^y tl°n>  >’eaft  be  a  produdd  of  fermentation,  as  all  liquors  that 

comes  from  ferment  depofit  it,  no  doubt  it  owes  its  origin  to  one  and  the 

fome  particular  fame  foluble  fubfiance,  from  which  probably  it  differs  little,  and 
fubftance,  little  .  r  7  * 

changed.  which  produces  it  by  its  reaction  on  the  fugar. 

Ycaft  an  imme-  Whichever  of  thefe  two  opinions  obtains  the  preference, 

diate  principle  of  aqer  more  numerous  trials,  as  I  have  no  doubt,  that  yeafi  is  an 
vegetables.  .....  .  J 

immediate  principle  o(  vegetables,  and  in  confequence  adits  an 

important  part  in  the  phenomena  both  of  art  and  of  nature;  as 

ahd  if  there  be  I  am  likewile  perfuaded,  that,  if  any  other  fubfiance  capable 

any  other  fer-  Qp  excjtjng  fermeniation  exifi,  it  is  in  the  highefi  decree  ana- 

fimilar  to  it,  and  logous  to  yeafi;  that  ;t  differs  frem  it  very  little;  that  it  is 

compofed  of  compofed  like  it  of  azote,  oxigen,  carbone,  and  hidrogen;  and 

azote,  oxigen,  °  ° 

carbone,  and  laftly  that  >t  has  no  doubt  the  lame  mode  of  adding  on  fugar: 

hidrogen.  I  Oiall  proceed  to  exhibit  with  the  greateft  care  the  properties 
of  this  matter,  which  I  fhall  henceforward  term  ferment,  and 
in  particular  confider  well  its  action  on  the  faccharine  principle, 
in  order  to  efiablilh  the  theory  of  fermentation.  This  theory, 
even  fuppofing  )eaft  not  to  exifi  already  formed,  but  to  be 
produced  in  fermenting  juices,  will  Hill  be  of  utility,  and  ca¬ 
pable  of  various  applications,  as  will  appear  below. 


I  fhall 
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I  (hall  not  recapitulate  the  phyfical  qualities  of  ferment,  as 
I  have  mentioned  them  feveral  times  already;  but  I  (ball  con¬ 
fine  myfelf  to  its  chemical  properties,  which  alone  are  of  ef- 
fential  import.  It  has  no  tafte.  It  neither  reddens  infufion  of  Chemical  pro¬ 
litmus,  nor  changes  fyrup  of  violets  green.  The  putrid  fer-  Pe^ies  fLr' 
mentation,  which  in  time  it  undergoes,  is  in  every  relpedt 
fimilar  to  that  of  animal  fubftances.  By  deficcation  it  lofes 
three  fourths  of  its  weight,  and  this  lofs  confifts  entirely  of 
water.  Thus  dried  it  is  fiill  capable  of  exciting  fermentation ; 
it  is  by  no  means  decompofed,  and  may  be  preferved  in  this  May  bepre- 
Ilate  without  alteration  for  an  indefinite  time.  We  may  avail ferved  an/  . 

r  .  .  j-n  length  of  time 

ourlelves  or  this  property,  to  convey  it  to  places  at  a  diltance- when  dried, 
from  any  brewery,  or  wfith  which  it  is  fo  difficult  to  keep  lip  an 
intercourfe,  that  frefh  yeaft  could  not  be  fent  to  them,  parti¬ 
cularly  in  fummer,  without  becoming  putrid.  Difiilled  in  a  Analyfis. 
fmall  retort,  and  urging  the  fire  fo  far  as  this  would  bear,  eight 
parts  of  ferment  left  a  refiduum  of  2.83  of  coal;  and  I  obtained 
1.61  of  water,  1.31  of  oil,  and  1.46  of  muriate  of  ammonia 
on  adding  muriatic  acid.  Finally,  I  colledted  0.33  of  gas, 
containing  a  fifth  of  its  bulk  of  carbonic  acid,  and  which, 
when  this  was  feparated  from  it  by  potafh,  burnt  like  carbo¬ 
nated  hidrogen,  and  required  1.5  of  oxigen  for  its  combufiion. 

From  this  experiment  we  fee,  that  ferment  contains  in  parti¬ 
cular  a  great  quantity  of  carbon. 

Water  at  the  temperature  of  12°  or  lo0  does  not  diffiolve  Infoluble  in 
zfio  °f  ferment:  indeed  it  diffiolves  fo  little,  that  after  (landing  waCer* 
upon  it  feveral  hours,  and  being  well  filtered,  it  has  fcarcely 
any  action  upon  fugar.  Boiling  water  occafions  it  to  undergo  Boiling  water 
a  decompofition,  which  I  fliall  examine  in  another  memoir.  decomPofes  lC* 

Nitric  acid,  even  diluted  with  water,  at  eighteen  degrees.  Nitric  acid  con- 
decompofes  it  alfo:  it  converts  it  into  greafe ;  and  there  is  f^y  matter- 
evolved  from  it  at  firfi:  azot  mingled  with  carbonic  acid,  and  and  azot  with 
afterward  nitrous  gas  at  the  fame  time.  carbonic  acid, 

Potafli  a<5b  upon  this  fubfiance  in  the  fame  manner  as  upon  are  given  out. 
animal  matters,  and  the  phenomena  in  both  cafes  are  perfe&ly  With  potafh  it 

.  .  r  r  rin  ,  forms  loap,  and 

the  lame:  with  each  it  forms  a  laponaceous  iubltance,  and  a  amrnoBia  is  ex¬ 
great  quantity  of  ammonia,  that  is  volatilized.  tricated. 

But  of  all  the  properties  of  ferment,  no  one  is  fo  remarkable,  Its  a&ionupon 
and  at  the  fame  time  fo  ufeful,  confequently  no  one  (b  much 
deferves  to  be  ftudied,  as  its  adtion  upon  fugar:  this  is  inte¬ 
rfiling  to  men  in  every  clafs  of  lociety,  from  the  mechanic  to 

the 
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the  philofopher;  to  both  by  its  produ6ts,  and  to  the  latter  be- 
caufeit  may  be  a  fertile  fource  of  reflexion  and  of  new  truths. 
It  is  much  to  be  regretted,  that  Lavoifier  did  not  purfue  the 
invedigation  as  he  intended,  and  examine  it  with  that  care, 
which  is  confpicuous  in  all  his  labours.  Who  was  more  capa¬ 
ble  of  giving  birth  to  a  theory  of  fermentation,  than  the  author 
of  the  modern  theory  of  chemidry  ?  No  doubt  he  was  prevented 
from  doing  this  by  a  concurrence  of  circumftances :  and  this 
theory,  important  as  it  is  to  fcience,  has  hitherto  remained 
vague  and  hypothetical.  Knowing  the  fermentative  princi¬ 
ple,  it  could  not  avoid  naturally  making  a  part  of  my  refearches: 
if  I  have  not  rendered  it  as  clear  as  I  hoped,  at  lead  the  veil 
with  which  it  was  covered  is  removed,  and  it  reds  on  reafon- 
ing  confirmed  by  experiment. 

To  obtain  the  dilution  of  this  problem,  I  added  together 

different  quantities  of  ferment  and  fugar ;  I  obferved  in  every 

cafe  what  became  of  both;  and  I  confirmed  by  farther  obfer- 

Of  the  precipl-  vations  what  the  preceding  had  fuggeded.  Sixty  grammes 

tate  one  part  (927grains  or  nearly  one  ounce  of  ferment)  not  dried,  and  three 
■with  five  of  lugar v  ”  J  %  ' 

fermented  readi-  hundred  grammes  (4630  grains)  of  fugar  entered  into  fermen- 
ty*  tation  readily,  the  temperature  being  15°  (centigrade=59° 

Farenheit.)  In  four  or  five  days  all  the  faccharine  matter  had 
difappeared ;  51.5  litres  (3041  cubic  inches)  of  carbonic  acid 
had  been  evolved;  the  liquor  being  filtered,  and  didilled  to 
two  thirds,  gave  on  a  fecond  rectification  863  grammes  of  fpirit 
at  13°.  The  apparatus  was  fo  contrived,  that  nothing  was 
lod:  the  receivers  wrere  cooled  with  common  fait  and  ice.  I 
equal  to  171.5  found  by  fynthefis,  that  this  quantity  of  fpirit  was  equivalent 
ol  dlC^ol‘  to  171.5  grammes  of  alcohol  at  39°.  The  refidues  left  after 
diddling  the  fpirit  were  poured  into  diflies  and  evaporated  to 
drynefs:  from  the  redduum  of  the  fecond  didillation  nothing 
was  obtained,  but  that  of  the  fird  yielded  about  12  grammes 
of  a  naufeous  fubdance,  flightly  acid,  and  feebly  attracting 
the  moidure  of  the  air.  I  wifhed  to  difeover  the  nature  of 
this  acid,  but  there  was  too  little  to  afeertain  it.  Lavoifier 
fays,  it  is  the  acetous.  Ladly,  of  the  fixty  grammes  of  fer¬ 
ment,  there  remained  forty  grammes  of  a  fubdance,  which  I 
believed  to  be  more  animalized  than  the  ferment  itfelf.  I  was 
much  furpnfed  to  find,  that  I  obtained  from  it  by  didillation 
much  le(s  ammonia.  Hence  I  fufpe<5ted,  that  by  mixing  it 
alrelh  with  fugar,  fermentation  would  again  take  place,  and 

thus 


ProduCls  of 
carbonic  acid 
and  fpirit  ob¬ 
tained. 


The  refiduum 
32  grammes, 
naufeous  and, 
flightly  acid. 
Lavoifier  fays 
the  acid  is  the 
acetous. 
SLefidue  of  the 
ferment. 
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thus  all  the  azot  would  difappear.  What  I  had  forefeen  oo  Produced  fer- 
curred :  at  the  end  of  feven  days,  having  filtered  the  liquor,  g^^ 

I  obtained  as  a  refiduum  thirty  grammes  of  a  fubftance,  which  and  thus  loft  all 
on  diftillation  gave  no  trace  of  volatile  alkali.  1  was  per-  lts  arnmoma* 
fuaded,  that  the  azot  was  carried  off  with  the  carbonic  acid 
gas.  To  convince  myfelf  of  this,  I  collected  near  41  litres  of  This  was  not 
the  carbonic  acid  in  an  inverted  veffel  filled  with  folution  of  th^'carbonic^^ 
caufiic  potafii.  The  whole  was  abforbed,  which  leaves  no  acid, 
doubt  of  its  purity. 

What  then  becomes  of  the  azot  ?  it  ought  to  be  found  either  What  became  of 
in  the  refiduum  of  the  ferment,  or  in  the  refiduum  obtained  by 
evaporating  the  liquor  left  after  diftillation,  or  in  the  alcohol: 
but  the  refiduum  conftitutes  only  half  the  ferment  employed; 
the  quantity  of  matter  left  by  300  grammes  of  fugar  and  fixty 
of  ferment  amounts  only  to  twelve  grammes;  and  neither  of 
thefe  yields  any  ammonia  on  diftillation,  while  ferment  affords 
a  great  deal.  If  thefe  obfervations  be  juft,  if  I  have  accu¬ 
rately  noticed  all  the  phenomena,  if  nothing  have  milled  me, 
we  cannot  avoid  concluding,  that  the  azot  muft  exift  in  the  It  muft  exift  in 
alcohol.  Yet  I  have  fought  in  vain  to  dilcover  its  prefence  in  [hoUgh°notdlf 
this  fluid,  in  ether,  and  in  the  acetous  acid:  on  palling  thefe  coverable  there, 
through  tubes  heated  red-hot  in  the  fire,  and  burning  the  gaffes 
in  Volta’s  eudiometer  by  means  of  the  ele&ric  fpark,  we  ob¬ 
tain  fuch  final  1  quantities,  that  they  are  by  no  means  fufficient 
to  decide  the  queftion:  24  or  2 5  parts  of  gas  yield  at  moft 
one  of  refiduum. 

I  have  made  feveral  other  experiments  however,  which  hi-  Azot  may  ex- 

therto  tend  to  fhow,  that  azot  may  exift  in  fuch  a  manner  as  l[i  10  as  "ot 

’  *  be  detected  by 

not  to  be  difeovered  on  diftillation  ;  confequently  that  it  may  diftillation,  and 
be  one  of  the  conftituent  principles  of  vegetables,  though  in  therefore^may  ^ 
general  when  diftilled  they  afford  no  ammonia.  But  as  I  have  principle  of  ve- 
not  repeated  thefe  experiments,  and  they  are  of  fuch  import-  getables. 
ance,  that  we  cannot  be  too  referved  in  announcing  them,  I 
purpole  to  revife  and  vary  them,  I  will  endeavour  to  appre¬ 
ciate  all  the  circumftances,  and  if  I  obtain  convincing  proofs, 

I  will  not  delay  communicating  them  to  the  clafs. 

However  this  may  turn  out,  thefe  retults  afford  us  fufficient 
light,  to  fee  what  paffes  in  the  act  of  fermentation.  In  this 
refpedt  I  cannot  agree  in  opinion  with  Lavoifier.  I  do  not  be¬ 
lieve  as  he  does,  that  all  the  carbonic  acid  formed  proceeds  All  the  carbonic 

from  the  fugar.  How,  on  fuch  a  fuppofition,  can  wre  conceive  acid  formed 

.  does  not  proceed 

1  ie  from  the  Sugar. 
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the  ferment  to  aCt  upon  it?  I  think,  that  the  firff  portions  of 
acid  are  owing  to  a  combination  of  the  carbon,  of  the  ferment. 
Ferment  pro-  and  the  oxigen  of  the  fugar,  and  that  the  ferment  gives  rife 
duces  fermen-  to  fermentation  by  abffraCting  from  the  fugar  a  portion  of  this 
from  the  fugar  principle.  To  render  this  idea  more  clear,  I  fuppofe  a  par- 
a  portion  ot  its  fjc]e  0f  fUgar  t0  be  formed  of  eight  parts  of  oxigen,  four  of 

carbon,  and  one  of  hidrogen,  which  is  not  very  remote  from 
the  truth,  according  to  the  experiments  of  Lavoifier:  one  of 
thefe  eight  parts  of  oxigen  will  unite  with  a  fourth  of  a  part 
of  the  carbon  of  ferment,  and  then,  the  equilibrium  between 
the  principles  of  the  lugar  being  diflurbed,  they  will  combine 
in  a  different  manner,  fo  as  to  form  carbonic  acid  and  alcohol. 

i 

Ferment  has  a  The  ferment  has  in  faCt  a  ffrong  attraction  for  oxigen  ;  as  is 
itrong  attraction  provej  by  j£s  decompofing  air  with  the  greateft  facility;  when 

is  proved  by  its  acetous  and  carbonic  acids  are  produced,  and  the  azot  is  dif- 
decompofing  air.  engaged.  If  pure  air  be  employed  inffead  of  common  air, 
the  reaction  is  ffill  more  fpeedy.  I  have  introduced  15  gram¬ 
mes  of  ferment  into  a  veffel  filled  with  a  litre  of  pure  air;  I 
opened  it  over  quickfilver;  a  fifth  of  its  bulk  was  abforbed ; 
the  ferment  was  grown  four,  all  the  oxigen  gas  had  evidently 
difappeared,  and  was  converted  into  carbonic  acid:  the  tem¬ 
perature  was  15°. 

What  becomes  From  what  has  been  faid  we  fee  what  becomes  of  the  car- 

of  the  principles  bori  0p  ferment,  and  we  (hall  learn  what  may  become  of  its 
ot  ferment*  ,  ,  .  , .  , 

other  principles,  if  we  recoileCt  the  quantity  of  produas  re- 

fulting  from  a  given  quantify  of  matter  fubjeCted  to  fermen¬ 
tation,  and  comparing  the  nature  of  the  one  with  the  other. 

From  fixty  grammes  of  ferment,  and  three  hundred  gram¬ 
mes  of  fugar  we  obtained,  carbonic  acid  95  grammes;  pure 
alcohol  171.5;  extractive  matter,  flightly  acid,  and  contain¬ 
ing  noazot,  12;  refiduum  of  the  ferment  40.  Thefe  40  gram¬ 
mes  ffill  contained  25  of  ferment,  fo  that  35  only  had  been 
employed  for  the  decompotition  of  the  fugar;  and  thefe  35 
Leaves apeculiar  were  reduced  to  15  of  a  white  fubffance*  infoluble  in  water, 
fubffance.  incapable 

Yeaft  is  feldom  #  The  yeaft  depolited  by  a  fermenting  juice  is  feldom  pure  :  in 
pure,  contain-  general  it  contains  more  or  lefs  of  this  peculiar  white  fubffance, 
ing  more  or  Irfs  which  is  fometimes  fo  abundant,  that  the  fediment  confifts  of  it  al- 

fubiUivr'  rU  Ur  mo^  cnt’reb'-  ‘s  the  mixture  of  th^fe  two  lubttances,  that  con- 
with  which  it  ffitutes  in  great  part  the  lees  of  different  wines.  All  thefe  tffefts 
forms  the  chief  depend  on  the  relative  proportions  of  the  ferment  and  the  fugar  ;  if 
part  a  "in-  there  little  fugar  and  much  ferment,  the  yeaft  will  be  pure;  if 

on 
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incapable  of  a&ing  upon  fugar,  yielding  no  ammonia  on  diflil- 
lation,  and  leaving  a  coal,  that  burns  with  Icarcely  any  refi- 
duum;  in  fliort,  exhibiting  characters  that  diftinguifh  it  from 
all  other  fubftances,  and  induce  me  to  confider  it  as  a  peculiar 
matter. 

It  appears  then,  that  ferment  takes  oxigen  from  fugar,  not  The  hidrogen 

only  by  means  of  part  of  its  carbon,  but  alfo  by  means  of  part  °*  die  ferment 
c  .  .  ,  r  -  .  „  ,  .  *  r>  acts  as  well  as 

or  its  hidrogen  ;  for  the  quantity  of  carbon  given  out  by  ter-  j ts  oxigen  jn 

ment  is  too  fmall,  to  be  the  foie  germe  of  fermentation.  The  producing  fer- 

azot  difappears,  and  enters  perhaps  into  the  compofition  of  the  mentati0n' 

alcohol ;  the  other  principles  of  the  ferment  form  acetous  acid, 

and  a  peculiar  infoluble  white  matter,  which  is  precipitated. 

Tiie  acetous  acid  remains  in  folulion  in  the  liquor  left  after  dif- 

tillation,  with  an  extractive  matter,  proceeding  no  doubt  from 

the  fugar,  and  foreign  to  it. 

It  is  not  probable,  that  the  elements  of  the  fugar,  in  their  The  elements 
reaCtion  upon  each  odier  when  the  equilibrium  between  them  °f  the  fugar 
is  difturbed,  form  water:  there  is  very  little  hidrogen  in  fugar,  form 
and  a  great  deal  in  alcohol;  and  befides,  on  adding  together 
the  quantity  of  carbonic  acid,  of  alcohol,  of  extractive  mat¬ 
ter,  and  of  refiduum,  we  have  a  deficiency  of  one  eleventh  ^  lofs  of  one 
only  of  the  matter  by  which  they  were  produced.  This  lofs  eleventh  owing 
muft  be  attributed  to  the  water  the  fugar  contains,  and  is  by  edTn^hefugar- 

no  means  owing  to  alcohol's  being  carried  off  by  the  carbonic  No  alcohol  car- 

v  ried  off  by  the 
_  °  carbonic  acid. 

more  than  thirty  litres  of  this  gas  in  cauftic  potafh;  and  by  dif- 
tillation  and  rectification  I  obtained  only  a  few  grammes  of 
fluid,  which  had  fo  little  tafle  of  fpirit,  that  it  wTas  not  to  be 
diftinguifhed.* 

This 

on  the  contrary  there  be  much  fugar  and  little  ferment,  the  fediment  This  depends  on 
formed  will  contain  but  little  yeaft,  and  perhaps  even  none;  and  t^e  proportion  of 
then  it  will  confift  entirely  of  the  white  fubftance  here  mentionedj  the  fugar ^  ^ 
while  the  fupernatant  wine  will  or  may  be  of  a  faccharine  quality. 

Thus  fhould  yeaft  even  be  a  produfl  of  fermentation,  it  would  ad 
an  important  part  in  this  phenomenon;  and  if  ;tdo  not  give  rife  to 
it  in  the  firft  place,  which  is  not  certain  even  in  this  cafe,  at  leaft 
it  continues  to  give  rife  to  it.  This  was  the  reaion  why  I  faid  be¬ 
fore,  that  in  all  cafes  nature  afforded  us  numerous  applications  of 
the  theory  I  laid  down. 

*  Cit.  Seguin  has  laid  before  the  Inftirute  a  very  different  theory  Sequin’s  theory 
of  fermentation.  He  thinks,  that  in  this  procefs  water  is  deconi-  of  fermentation. 

pofed, 


acid.  Of  this  I  have  been  convinced  myfelf  by  receivin 
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This  theory  This  theory,  appears  to  me  fo  much  the  more  probable, 

^ecS  %1  h  thC  becaufe  it  perfe<5tly  accords  with  fa&s;  and  this  truth  becomes 
though  not  yet  particularly  finking  when  we  compare  them.  I  am  far,  how'- 
complete.  ever,  from  confidering  it  as  complete.  Time  no  doubt  will 
beftovv  on  it  the  perfection  it  wants;  and  I  hope  myfelf  foon 
What  remains  to  add  to  its  evidence.  I  know  not  whether  I  fhall  be  able  to 
to  be  done.  difcover  what  becomes  of  theazotof  the  ferment:  but  I  fhall 
afcertain  without  difficulty,  whether  the  refidual  matter  ob¬ 
tained,  which  I  eonfider  as  a  peculiar  fubfiance,  be  a  produCt 
of  fermentation,  as  I  believe ;  whether  the  fugar  contribute 
to  its  formation,  which  is  poffible;  or  whether  it  be  ready 
formed,  and  merely  precipitated,  which  is  contrary  to  all  pro¬ 
bability.  The  experiments,  that  remove  all  my  doubts  on  this 
head,  I  fhall  relate  in  a  fecond  memoir,  in  which  I  fhall  not 
only  elucidate  fuch  points  in  this  as  may  appear  equivocal,  or 
at  beft  refling  on  too  flight  foundations,  but  I  fhall  alfo  exhibit 
all  the  particulars  that  refult  from  them.  Here  on  the  con¬ 
trary  I  have  avoided  them  as  much  as  poffible,  and  endeavoured 
to  eonfider  the  phenomenon  only  in  a  general  way. 


VII. 


Conjectures  refpefting  the  Formation  of  the  Ice  in  the  Cavern  of 
Grace-  Dieu.  By  C.  L.  Ca  det,  of  the  College  of  Pharmacy *. 


A  cavern  146 
feet  under¬ 
ground,  its  en¬ 
trance  60  feet 
broad  and  80 
high,  its  breadth 

x 35  fect* 


About  a  x  or  feven  leagues  from  Befan^on,  near  the  vil¬ 
lage  of  Beaume,  and  half  a  league  from  the  abbey  of  Grace- 
Dieu,  there  is  a  natural  grotto,  1  46  feet  below  the  furface  of 


pofed,  that  its  oxigen  unites  with  the  carbon  of  the  ferment,  and 
produces  carbonic  acid,  while  its  hidrogen  combines  with  the  fugar, 
and  converts  it  into  alcohol.  For  this  theory  to  be  admiflible,  we 
fhould  obtain  more  alcohol  than  there  was  fugar;  but  the  fa&  is, 
little  more  than  half  its  weight  is  produced,  and  befides,  fuppofing 
all  th?  carbon  of  the  decompofed  ferment  to  he  converted  into  car¬ 
bonic  acid,  at  mod  not  above  a  fixth  part  of  the  quantity  a&ually 
produced  would  be  formed,  as  we  may  eafily  convince  ourfelves 
from  calculations  already  eftablifhed.  Jt  may  likewife  be  objected 
to  this  theory,  that  fugar  contains  a  great  deal  of  oxigen,  and  al¬ 
cohol  very  little. 

*  Annales de  Chimie,  No.  134,  Feb.  1803,  p.  ICO, 
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the  plain.  The  entrance  of  it  is  60  feet  wide,  and  about  80 

high.  Within  its  greateft  breadth  is  135  feet.  The  done  that 

forms  the  rock  is  calcareous  carbonate,  in  part  lamillated. — 

This  grotto  is  diftinguifhed  from  all  others  by  a  very  lingular  Ice  is  formed 

phenomenon:  in  dimmer  ice  is  conftantly  formed  in  it  in  large  \n 

.  .  ,  ,  .....  .n  ,  .  _  .  °  and  diminifhta 

quantities,  and  tins  ice  diminilhes  at  the  approach  ot  winter.  jn  winter. 

As  this  natural  ice-houfe  has  been  accurately  delcribed  by  Defcribevi  by- 
Mr.  de  Croifmare  in  the  Encyclopedic,  and  federal  other  de- V4nous  vvnter!* 
fcriptions  agreeing  with  his  are  to  be  found  in  the  Memoirs  of 
the  Academy  of  Sciences  for  1712,  thofe  of  the  Savans  Etrangers 
for  1743,  the  works  of  Mr.  le  Cat  and  Ravier,  and  Madame 
Ganthier’s  Tour  of  a  French  Lady  in  Switzerland,  I  (hall  con¬ 
fine  myfelf  to  a  few  obfervations,  that  have  efcaped  the  notice 
of  many  of  the  learned  who  have  vifited  it,  and  combine  to 
explain  the  formation  of  the  ice  in  this  cavern. 

I  vifited  it  about  the  end  of  September,  1791,  and  then  In  September, 

found  but  little  ice.  My  guide,  who  was  accuftomed  to  con-  p^ice  ^  but 

du&  travellers  to  it,  informed  me,  that  a  month  before  the  ice 

was  three  times  the  bulk  of  what  I  faw.  The  perfon  who  fells  A  month  be- 

refrefhments  at  Chammars,  a  public  garden  at  Befan^on,  told  ^quantity.™6 

me  the  fame.  He  faid,  that  when  the  winter  had  proved  mild,  Ice  there  in  mild 

fo  that  they  were  not  able  to  fill  the  ice-houfes  in  the  city,  winters* 

he  fent  in  fearch  of  ice  to  the  cavern  of  Grace-Dieu,  and  that 

he  chofe  for  this  the  warmeft  days,  becauje  then  there  was  mojl 

ice  in  the  cavern.  MefTrs.  de  Croifmare,  le  Cat,  and  Ravier,  By  feveral  au- 

in  their  accounts,  equally  attefi,  that  in  fummer  the  ice  is  more  5horitj®s  the  ke 

.  ,J  .  is  molt  plentiful 

abundant.  The  inhabitants  whom  I  met  with  on  the  moun-  jn  fummer. 
tain,  and  of  whom  I  enquired  concerning  this  fa<5i,  all  told 
the  fame  thing.  Consequently,  though  the  variation  of  the  ice 
is  queftioned  by  Mr.  Dunod,  quoted  in  the  work  of  Madame 
Ganthier,  I  readily  admit  the  exigence  of  this  phenomenon, 
particularly  as  I  think  I  can  explain  it. 

The  rock  that  forms  the  roof  of  this  grotto  is  lower  than  all  The  rock  that 
the  neighbouring  mountains,  and  even  than  the  furface  of  the  ro°^ 

plains.  Its  temperature  therefore  ought  to  be  mild,  like  that 
of  all  fubterraneous  caverns,  except  at  the  moment  when  ice 
is  accumulated  there  in  abundance.  Ten  waggons  would 
have  been  fufficient  to  carrv  away  all  I  faw,  and  the  air  of  the  The  air  In  it 
grotto  did  not  feel  colder  to  me  than  the  open  air.  The  au-  c°,ed^nu  CC 
thors  I  have  quoted  fay,  that  the  cold  in  it  is  below  0.  I  had 
no  thermometer,  but  I  can  affirm  that  this  affiertion  is  at  leaf! 
quefiionable. 

A 


4  6 


ICE  IK  THE  CAVJLRN  OF  GRACE  DIEU. 


Dcfcription  of 
the  cavern. 


Clear  water 
burfts  through 
the  rocks  and 
tails  into  a  bafon 
of  ice. 


The  grotto  is 
covered  by 
bufhy  trees. 


The  ground  is 
cooled  by  the 
evaporation  in 
fummer, 

which  does  not 
take  place  in 
winter. 


The  trees  over 
the  entrance 
being  cut  down, 
lefs  ice  was 
formed. 

The  entrance 
was  partly  dofed 
up  by  a  wall, 


by  which  the 
ice  was  dimi- 
nifhed. 


A  juft  idea  of  the  fituation  of  the  cavern  is  fufficient  to  fliew 
in  what  manner  the  water  percolates  the  ftrata  of  rock,  anc! 
falls  perpetually  from  the  roof.  The  cavern  is  furrounded  by 
thickly  wooded  mountains,  and  from  one  of  the  neareft  rocks 
rallies  a  torrent,  that  forms  three  cafcades,  and  turns  fcveral 
mills.  But  what  is  remarkable  is,  that  the  water  filtering  into 
the  cavern  does  not  freeze  as  it  falls:  it  is  received  into  a  bafin 
of  two  or  three  feet  diameter  formed  in  the  ice,  and  remains 
fluid  on  a  level  with  the  tides  of  the  bafin.  I  drank  fome  of 
this  water,  which  did  not  feem  to  me  very  cold.  It  was  per- 
fedly  clear  and  good. 

I  obferved,  that  the  grotto  is  not  only  furrounded  by  wood 
on  all  Tides,  but  that  it  is  covered  by  a  number  of  the  moft 
beautiful  beech,  and  bufliy  chefnut  trees.  Thefe  deny  all  ac- 
cefs  to  the  rays  of  the  fun,  and  always  preferve  a  cool  damp 
air  round  the  cavern.  This  fliade  however  would  not  be  fuf¬ 
ficient  to  produce  an  icy  air,  but  the  leaves  of  thefe  trees  are  fo 
many  organs  of  perfpiration,  that  pour  into  the  atmolphere  the 
moifture  which  exhales  from  their  veffels,  and  that  has  been 
pumped  up  by  their  roots.  This  evaporating  water  cannot 
pafs  from  the  flate  of  a  fluid  to  that  of  a  gas,  without  abforb- 
ing  a  large  quantity  of  caloric:  the  ground  therefore  is  conti¬ 
nually  cooled  by  the  evaporation  the  trees  produce.  In  winter 
the  warmth  of  the  fun  no  longer  draws  up  moiff ure ;  the  leaves, 
which  botanifls  confider  as  real  lungs,  have  difeontinued  their 
organic  adion;  and  the  fame  evaporation  no  longer  exifls. 
The  temperature  of  the  cavern  then  changes,  and  approaches 
that  of  fubterranean  places  and  grottos  in  general.  Several 
fads  ferve  to  confirm  this  theory,  and  to  prove,  that  the  cold 
produced  in  the  cavern  of  Grace-Dieu  is  entirely  owing  to  the 
fpeedy  evaporation  of  the  furrounding  moifiure. 

Mr.  Ravier,  fecretary  to  the  bifiiop  of  Bellay,  fays,  that  in 
1724,  the  entrance  of  the  grotto  was  overfhadowed  by  large 
bufliy  trees,  that  thefe  were  cut  down,  and  that  the  quantity 
of  ice  afterwards  formed  has  been  lefs. 

He  alfo  reports,  that  Mr.  de  Vanolles,  intendant  of  the  pro- 
vince,  defirous  of  preferving  this  natural  curiofity,  clofed  up 
the  grotto  by  a  wall  twenty  feet  high,  with  a  fmall  door,  tlie 
key  of  which  was  entrufled  to  the  bailiffs  of  the  village,  with 
a  charge,  that,  no  one  fliould  be  buffered  to  enter  for  the  pur- 
pofe  of  carrying  away  the  ice.  But  this  precaution  produced 
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an  unexpe<5ted  effect:  the  ice  perceptibly  diminiflied,  and  they 
were  obliged  to  pull  down  the  wall,  which  was  in  fome  mea- 
lure  an  obflacle  to  the  evaporation.  I  favv  the  remains  of  this 
wall,  and  the  inhabitants  of  Grace  Dieu  confirmed  to  me  the 
fa<5t  mentioned  by  Mr.  Ravier. 

The  formation  of  the  ice  in  this  curious  grotto,  therefore.  This  Ice  ftated 
may  be  explained,  I  believe,  according  to  the  theory  of  the  formed  m 
jars  that  ferve  to  cool  the  water  they  contain  in  hot  countries,  as  water  in  ^ 
by  permitting  part  of  the  fluid  to  tranfude  through  their  po-  porous  jars  is 

r  1  cooled  in  hot 

TOUS  lides.  countries  by  the 

As  no  natural  philofopher  has  yet  attempted  to  explain  this  evaporation 
interefting  phenomenon,  I  have  flattered  myfelf  that  I  might  the  out” 
be  indulged  in  a  conjecture,  founded  on  phyfical  principles 
fully  eftablifhed  by  experience. 


VIII. 

Obfervations  on  the  Structure  of  the  Tongue :  illujtrated  by  Cafes 
in  which  a  Portion  of  that  Organ  has  been  removed  by  Liga¬ 
ture.  By  Everard  Home,  Efcj.  F.  R.S.* 

(Concluded  from  Vol.  VI.  Page  319.) 

Encouraged  by  the  refult  of  this  cafe,  I  was  led  to  Another  cafe 
perform  a  fimilar  operation  upon  a  perfon  at  a  more  advanced  *reated  ln  the 

lame  manner, 

period  or  life. 

Margaret  Dalton,  40  years  of  age,  was  admitted  into  St. 

George’s  hofpital,  on  the  25th  of  December,  1801,  on  account 
of  a  tumour,  the  fize  of  a  pea,  fituated  on  the  right  fide  of 
the  tongue,  near  its  edge.  The  hiflory  of  the  cafe  was  as 
follows.  A  fmall  pimple  appeared,  and  gradually  increafed, 
without  pain  ;  the  only  inconvenience  was,  that  it  affeded 
her  fpeech,  and,  when  bruifed  by  the  teeth,  bled  freely. 

The  operation  was  performed  on  the  1 1  th  of  January,  1802, 
in  exadlly  the  fame  manner  as  has  been  already  defcribed.  It 
produced  a  confiderable  degree  of  falivation,  which  was  ex¬ 
tremely  troublefome,  (much  more  fo  th^n  the  pain  the  liga¬ 
tures  produced,)  and  continued  till  the  flough  came  away. 

The  ligature  neareft  the  root  of  the  tongue  feparated  on  the 
6th  day  ;  the  other  on  the  7th  ;  and,  in  three  days  after  the  with  complete 
reparation  of  the  fecond  ligature,  the  w  ound  was  completely  Dccefs. 
Ikinned  over. 
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A  thi{d  cafe. 


The  operation, 
and  hiftory  of 
its  progrefs  and 
fuccefsful  ter¬ 
mination. 


OBSERVATIONS  ON  THE  STRUCTURE  OF  THE  TONGUE, 

A  third  cafe  of  this  kind  came  under  mv  obfervation,  in 

J 

which  there  was  a  fmall  tumour  in  the  fubftance  of  the  tongue, 
about  the  fize  of  a  pea,  which  gave  me  the  idea  of  its  being 
of  that  kind  which  might  terminate  in  cancer.  The  patient 
was  a  gentleman  of  about  41  years  of  age.  Upon  examining 
the  tumour,  I  told  him  of  my  alarm  refpe&ing  its  nature;  and 
at  the  fame  time  added,  that  I  was  very  ready  to  remove  it, 
fhould  it  be  the  opinion  of  other  practitioners  that  fuch  a  ftep 
was  advifeable ;  and  my  experience  in  two  former  cafes  led 
me  to  believe  it  might  be  done  with  fafety.  I  therefore  ad- 
vifed  him  to  confult  other  medical  practitioners  of  reputation, 
and  acquaint  me  with  their  opinion,  Mr.  Cline  was  confulted, 
and  his  opinion  coincided  with  mine  ;  which  made  the  patient 
decide  upon  having  the  tumour  removed. 

The  operation  was  performed  on  the  2Sth  of  December, 

1 802.  The  needle  pierced  the  tongue  an  inch  beyond  the 
tip,  a  little  to  the  right  of  the  middle  line  of  the  tongue ;  and 
the  fpace  between  the  two  ligatures,  when  they  were  tied  at 
the  circumference  of  the  tongue,  was  fully  an  inch.  The 
tongue  was  thick ;  and  the  mafs  included  by  the  ligatures  was 
fuch  as  to  make  it  difficult  to  comprefs  it.  The  operation 
gave  confiderable  pain,  of  a  numbing  kind.  Immediately 
after  the  operation,  the  part  included  became  dark  coloured, 
particularly  towards  the  middle  line  of  the  tongue.  A  fali- 
vation  took  place.  The  next  day,  the  pain  and  falivation 
were  great,  and  the  patient  could  not  fwallow  ;  but,  on  the 
day  following,  he  could  take  broth,  negus,  and  other  fluids. 

On  the  6th  day  from  the  operation,  the  flough  became 
loofe  ;  and  the  leaf!  motion  of  the  tongue  gave  great  pain. 
Upon  examining  the  flough,  there  was  a  fmall  fpot  which 
looked  red,  and  was  furrounded  by  a  dark  furface  ;  this  was 
towards  the  right  fide.  Upon  further  examination  it  appeared, 
that  the  ligature  to  the  right  had  not  completely  deadened  the 
part  at  the  centre,  in  which  the  artery  had  its  courfe.  This 
accounted  for  the  red  fpot,  as  well  as  for  the  pain  the  patient 
fuffered  ;  and  led  me,  on  the  feventh  day,  to  difengage  the  li¬ 
gature  on  the  left,  (which  was  almoft  completely  feparatedj 
by  means  of  a  pair  of  fciffars,  and  pafs  another  ligature 
through  the  grove  to  the  oppofite  fide,  and  tie  it  over  the 
part  not  completely  deadened.  This  gave  great  pain  for  a 
few  hours,  which  was  relieved  by  the  ufe  of  tinfture  of 

opium. 
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opium.  On  the  8th  day,  the  patient  had  lefs  pain  than  on 
any  preceding  day,  and  lefs  falivation  ;  and,  on  the  9th,  the 
whole  Hough  came  away.  On  the  13th,  the  tongue  had  fo 
much  recovered  itfelf,  that  there  did  not  appear  any  lofs  of 
fubftance  whatever,  only  a  fiffure  of  half  an  inch  in  depth,  in 
the  anterior  part  of  it ;  and,  as  that  now  feemed  to  be  ex¬ 
actly  in  the  centre,  there  was  not  the  fmalleft  deformity. 

The  preceding  cafes,  in  the  view  which  it  is  intended  to  General  refults 
take  in  the  prefent  Paper,  are  to  be  confidered  as  fo  many  ex-  cafes ^expeX 
periments,  by  which  the  ftruclure  of  the  tongue  is  in  fome  ments. 
refpe&s  afcertained  :  they  enable  us  to  draw  the  following  - 
conclufions. 

The  internal  ftrudlure  of  the  tongue  is  lefs  irritable  than  Internal  ftruo 
almoft  any  other  organized  part  of  the  body  ;  therefore,  the  j.  ^ 

peculiar  fubftance  which  is  interpofed  between  the  fafciculi  of  irritability, 
its  mufcular  fibres,  is  not  in  any  refpefl  conne&ed  with  the 
nerves  which  pafs  through  its  fubftance  to  the  organ  of  tafte, 
but  is  merely  a  foft  medium,  to  admit  of  great  facility  of  ac¬ 
tion  in  its  different  parts. 

The  nerves  of  the  tongue  appear  to  be  more  readily  com-  its  nerves  eafily 
preffed,  and  deprived  of  their  power  of  communicating  fen-  deadened* 
fation,  than  nerves  in  general;  and  any  injury  done  to  them 
is  not  produ&ive  of  difeafed  a&ion  in  the  trunk  of  the  injured 
nerve. 

If  vve  compare  the  effe&s  of  compreftion  upon  a  portion  of  Comparatively 
the  tongue,  with  thofe  of  a  fimilar  compreftion  upon  the  hae- 
morrhoidal  veins  when  they  form  piles,  or  thofe  of  the  tefticle  follow  compref- 
in  cafes  of  varicofe  veins  of  the  fpermatic  chord,  which  not  ot  this  or* 
only  produce  very  violent  local  inflammation,  but  alfo  a  con- 
fiderable  degree  of  fymptomatic  fever,  it  is  impoftible  not  to 
be  furprifed  that  the  refults  fhould  be  fo  very  different ;  fince 
we  are  led  to  believe,  upon  a  general  principle,  that  parts  are 
fenftble  in  proportion  to  their  vafcularity,  and  that  all  the  or¬ 
gans  of  fenfe,  when  inflamed,  are  more  exquifitely  fo  than 
any  other  parts  of  the  body. 

The  tongue  appears  to  have  a  power  of  throwing  off  its  Itfloughsoff 
Houghs  in  a  fhorter  time  than  any  other  part.  Eight  or  nine  ver*  earl?* 
days  is  the  ordinary  time  of  a  Hough  feparating  from  the  com¬ 
mon  parts  :  in  the  boy’s  tongue,  it  was  only  five. 

Having  Hated  the  information  we  derive  from  thefe  cafes, 
refpedling  the  ftru&ure,  fenfibility,  and  irritability  of  the 
Vol.  VII. — January,  1SQ4-*  E  tongue, 
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Great  benefit  of 
this  knowledge 
in  cafes  of 
cancer. 


tongue,  it  now  remains  to  mention  the  advantage  to  be  de¬ 
rived  from  them  in  a  profeffional  view  ;  and,  although  this  is 
not  direflly  in  the  line  of  (he  purfuits  of  this  learned  Society  ^ 
yet,  fo  flrongly  is  it  connected  with  humanity,  that  it  cannot  be 
laid  to  be  foreign  to  them,  or  undeferving  their  attention. 

The  information  derived  from  Ihefe  cafe?,  enables  us  to 
attempt  with  fafety,  the  removal  of  any  part  of  the  Longue 
which  may  have  taken  on  a  difpofition  to  become  cancerous. 
As  this  difeafe  in  the  tongue  always  begins  in  a  very  fmall 
portion  of  that  organ,  it  is,  in  the  early  flage,  more  within 
the  reach  of  removal  than  when  in  any  other  part  of  the 
body  ;  and,  as  the  glands  of  the  tongue  are  independent  of 
each  other,  the  cancerous  difpofition  by  which  one  of  them  is 
attacked,  does  not  to  readily  communicate  itfelf  to  the  others  ; 
and  the  part  may  be  removed,  with  a  greater  degree  of  fe- 
curity  againft  a  future  recurrence  of  the  difeafe,  than  in 
other  cafes  where  this  malady  attacks  a  portion  of  a  large 
gland,  the  whole  of  which  may  be  under  the  influence  of 
the  poifon,  long  before  there  is  any  appearance  of  its  being 
dtfeafed. 
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IX. 

Account  of  Three  Mechanical  Structures  not  commonly  noticed  or 
known,  in  which  the  EffeCt  is  produced  by  the  Difference  between 
the  Actions  of  Two  Jimple  Infiruments  of  the  fame  Defcription  ; 
namely,  1.  a  compound  Barrel  and  Winch ;  2.  a  compound 
Screw ,  and  3.  a  compound  Pump.  W.  N. 


Properties  of 
the  wheel  and 

axle. 


A  compound 
barrel  or  roller, 
by  which  the 


IN  the  fi  mple  mechanical  engine,  called  the  wheel  and  axle, 
or  barrel  and  winch,  the  advantage  of  the  power  over  the 
weight  is  known  to  be  as  the  radius  of  the  wheel  or  winch  is  to 
that  of  the  axle  or  barrel.  If  it  were,  therefore,  propofed  to 
increate  that  advantage,  the  handle  muft  either  be  made  longer 
or  the  barrel  more  (lender;  neither  of  which  can  pra6fically 
be  done  beyond  certain  limits  in  the  ufual  form;  becaufc  tht* 
handle  might  be  too  long  for  management,  or  the  barrel  too 
flight  to  fup port  its  burthen.  The  celebrated  George  Eckhardt 
is,  I  believe,  the  inventor  of  the  contlruflion,  Plate  III. 

the  part  A  ol  the  barrel  is  larger  than  the 

part 


purchaf'*  may  be  Pig,  2.  ill  which 
greatly  aug¬ 
mented. 
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part  B,  and  the  rope  which  paffes  under  the  pulley  C  and  fuf- 
tains  the  weight  D  is  wound  upon  each  in  contrary  directions. 

Whenever,  therefore,  the  handle  is  turned.  To  as  to  gather  the 
rope  upon  the  larger  cylinder,  it  will  be  given  off  by  the 
fmaller:  and,  for  every  turn  of  the  larger  or  its  correfpondent 
portion  of  rope  wound  up,  there  will  be  given  off  a  portion  of 
rope,  anfwering  to  the  circumference  of  the  fmaller.  Con- 
fequently,  the  quantity  of  unwound  rope  will  be  lefs,  after 
fuch  a  turn,  by  a  quantity  equal  to  the  difference  between  the 
circumferences  of  the  two  cylinders;  and  the  weight  D  will 
be  elevated  through  half  that  fpace.  Whence 

As  the  circumference  defcribed  by  the  winch  (or  its  radius)  Its  power* 

Is  to  half  the  difference  between  the  circumferences  of  the 
cylinders  (or  half  the  difference  of  their  radii) 

So  is  the  povver 

To  the  weight  (in  equilibrio.) 

It  is  evident  that  the  peculiarity  of  this  engine  is  that  the  half  Peculiarity  of 
difference  of  the  radii  may  be  made  as  fmall  as  we  pleafe  with-  ltlls  enSin5» 
out  weakening  the  cylinder  or  requiring  any  quick  curvature 
of  the  rope;  neither  of  which  requifites  could  be  had  in  the 
fimple  cylinder.  Its  pra&ical  difadvantage  appears  to  be  that 
a  large  quantity  of  rope  will  be  ufed  to  produce  a  moderate 
elevation  of  the  weight. 

The  firft  account  I  find  of  the  double  ferew  Plate  IV.  Double  ferew 
Pig.  1.  is  given  by  Mr.  Wm.-  Hunter  in  the  Philofophical  Tranf-  Q^^ev/ preflea 
actions  for  1781.  In  the  fketch  before  us,  A  B  C  reprefents  down  while 
the  ferew  of  a  prefs:  the  upper  part  of  the  ferew  A  has  a  Jnot^ 
coarfer  thread  than  the  lower  B  and  a  concave  ferew  or  nut,  feft  -1S  produced 
C,  receives  the  latter,  while  the  former  paffes  through  a  proper  by  the  difference 
helical  cavity  in  the  frame  of  the  prefs.  In  the  prefent  ffate  °r  thcr  a<^*ons 
of  the  apparatus,  the  nut  C  is  pinned  faff  to  its  ferew  by  a 
crols  bolt;  and  confequently,  when  the  whole  ferew  is  made 
to  turn  by  the  arms  at  the  top,  the  nut  C  is  carried  round,  and 
the  effedt  is  precifely  the  fame  as  if  the  prefs  were  governed 
by  the  ferew  A  alone.  But  when  the  nut  C  is  difengaged  by 
drawing  the  crofs  bolt,  and  likewife  prevented  from  revolving 
by  pinning  it  to  the  moveable  platform,  the  effeft  becomes 
more  compounded :  that  is  to  lay,  while  the  whole  ferew  is 
carried  downwardsby  one  revolution,  through  one  thread  of  A, 
the  nut  C  is  drawn  upwards  through  one  thread  of  C.  And- 
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Examples  of 
flow  attions 
with  ftrong 
coarfe  (crews. 


Obfervation  on 
new  or  unufual 
conftru<ttions. 
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Conliderations 
refpettiag  the 
ufe  of  a  double 
fcrew  in  mea- 
furing. 


Pump  with  a 
double  plunger 
by  which  the 


the  confequcnce  is  the  fame  as  iF  a  fingle  fcrew  had  been  ufed, 
having  the  diftance  between  thread  and  thread  equal  to  the 
difference  beween  the  meafures  of  one  thread  in  each. 

For  example.  Suppofe  it  were  requiredto  operate  by  ftrong 
preflure  with  a  fcrew  of  ten  threads  in  the  inch,  it  is  evident 
that  the  metallic  protuberance  or  helix  could  not  be  quite  fo 
thick  as  one  twentieth  of  an  inch,  and  could  not  therefore 
withftatld  any  confiderable  force.  But  by  the  prefent  con¬ 
firmation  we  may  make  the  thread  as  ftrong  as  we  pleafe.  Thus 
if  the  flighted:  be  one  quarter  of  an  inch,  the  fineft  fcrew  muft 
have  two  turns  in  the  inch,  and  the  coarfeft  two  turns  in  one 
inch  and  one  tenth;  or  in  other  words,  it  would  pafs  over  the 
fame  fpace  in  ten  turns  as  the  other  fcrew  would  in  eleven. 

It  is  evident  that  by  the  conftruction  in  the  figure,  the  inoft 
powerful  preflure  need  not  beufed  till  the  (ubje6t  under  com- 
preftion  has  already  been  urged  by  the  ftmple  fcrew. 

I  may  here  remark  concerning  every  one  of  the  contrivances 
in  this  paper,  that  I  have  never  confidered  it  as  a  requiftte  in 
offering  a  machine  or  inftrument  to  the  attention  of  my  readers 
that  it  fliould  be  univerfally  better  than  the  means  already  in  ufe. 
If  it  be  new  or  unheeded,  and  ingenious,  or  capable  of  adding 
to  the  flock  of  refources  which  intelligent  conftructors  find  fo 
various  in  their  degrees  of  eligibility  under  different  circum- 
ftances,  it  will,  I  am  confident,  be  confidered  with  intereft, 
and  accepted  with  welcome. 

When  we  confider  the  extreme  precifion  of  a  fimple  fcrew, 
if  commonly  well  made,  it  may  feem  fear cely  neceffary  to  ufe 
this  contrivance  in  the  meafurement  of  fmall  quantities.  The 
fineft  ferews  ufually  to  be  met  with  do  not  exceed  100  threads 
in  the  inch,  and  I  do  not  know  of  any  having  been  made  finer 
than  of  200  threads  in  that  fpace.  Let  us  confider  by  what 
threads  of  ufual  or  even  coarfe  number  we  could  have  a  dif¬ 
ference  per  (urn  of  above  one  thoufandth  of  an  inch,  and  we 
ftiall  find  that  the  difference  between  a  thread  of  32  and  one  of 
33  in  the  inch  is  the  1056  part  of  an  inch.  So  likevvife  the 
difference  between  the  60th  and  61ft  of  an  inch  is  the  3660th 
part,  &c.  I  have  a  level  trier  on  this  conftrudlion  which  gives 
the  four  hundredth  of  an  inch  for  each  turn  of  its  compound 
fcrew. 

Fig.  II.  Plate  k  is  a  pump  described  to  me  by  Mr.  Bramah, 
and  I  think  his  own  invention.  Between  the  collar  of  leather; 
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A,  there  palTes  a  folid  cylinder,  of  which  the  lower  part  B  fPace  <*or  water 
(diminifhed  in  diameter)  pafles  out  through  another  collar  of  is  reduced*!-©6 
leathers  D  ;  the  internal  fpace  or  pump  barrel  fituate  between  that  of  a  much 
thole  two  collars  being  clofed  on  all  Tides,  except  where  two  *mallei* 
pipes  communicate,  one  of  which,  E,  has  a  valve  opening  in¬ 
wards,  and  the  other  D,  has  a  valve  opening  outwards.  Now 
when  the  folid  cylinder  or  plunger  is  drawn  up,  the  larger 
portion  palTes  for  the  mofi  part  out  of  the  cavity  of  the  barrel; 
but  in  dead  of  being  replaced  by  an  equal  mafs  of  water  enter¬ 
ing  through  the  pipe  E  as  ufual  in  the  jack  head  pump,  it  is 
moftly  replaced  by  the  introduction  of  the  folid  part  B,  and  the 
water  which  enters  will  be  equal  in  its  folid  contents  to  the 
difference  only  between  the  tolidities  of  the  two  cylindrical 
parts  of  the  fame  length.  Or  the  effect  will  be  the  fame  as  if 
the  barrel  were  of  much  fmaller  dimentions.  In  this  way  with 
the  firength  of  conftruCtion  and  ample  fittings  of  a  large  engine 
the  power  of  a  fmall  one  may  be  obtained,  which  in  fome  in¬ 
fiances  of  forcing  may  be  defirable. 

It  fcarcely  need  be  mentioned  that  the  fame  effect  may  be 
produced  by  two  folid  pifions  working  in  difiinCt  barrels  of 
different  bore  or  firoke,  and  communicating  with  each  other. 
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Scoteography,  or  the  Art  of  Writing  in  the  Dark. 

from  Mr.  John  Gough  , 


In  a  Letter 


To  Mr.  NICHOLSON. 


SIR, 


Perhaps  you  have  remarked  that  my  communications  to  Hiftory  of  the 
your  Journal  are  not  all  in  the  fame  hand :  the  truth  is,  I  am  invention. 
unable  to  write;  and  my  ignorance  of  the  art  arifes  from  the 
Iofs  of  fight  in  early  infancy.  The  knowledge  of  the  preced¬ 
ing  circumfiance  cannot  prove  of  the  leaft  moment  to  you; 
it  is  only  mentioned  by  way  of  introduction  to  the  prefent  let¬ 
ter,  which  may  afford  an  ufeful  hint  to  perfons  labouring  un¬ 
der  the  fame  difadvantage. 

The  perufa!  of  Mr.  Berard's  method*  of  teaching  the  blind 
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Benrd's  methed 
of  writing  by  the 
touch  only  is 
not  adapted  to 
the  early  blind. 


Requifites  of 
the  art. 


Pra£lice./ 

The  paper  is 
rule  d  into  fquare 
compartments. 


The  alphabet  is 
ormed  by 
placing  a  dot  or 
a  ftroke  in  a 
different  part  of 
the  (quare  for 
each  letter. 


Method  of  com¬ 
bining  the  let¬ 
ters  or  of  writ¬ 
ing. 
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to  write  was  perhaps  the  firft  occurrence  of  my  life  which  led 
me  to  think  ferioutly  of  committing  my  thoughts  to  paper  with 
my  own  hand. 

This  gentleman's  plan  however  prefented  many  difficulties 
which  it  is  unnecefl'ary  to  enumerate;  in  reality  it  promifes  to 
be  of  much  advantage  tothofe  who  have  learned  to  manage  a 
pen  before  they  loff  the  ufe  of  their  eyes  :  but  as  this  has  not 
been  my  lot,  I  refolved  to  conquer  the  hardfhip*  of  fortune,  if 
poflible,  by  inventing  an  alphabet  confifling  of  characters  which 
a  mechanical  apparatus  might  form  with  eafe  and  certainty. 
Alter  fketching  an  outline  of  a  method  in  my  own  mind,  I 
imparted  my  unfinifhed  project  to  an  ingenious  friend,  being 
induced  to  afk  his  affiffance  bv  a  eonfeioufnefs  of  my  own  in¬ 
experience  in  the  art  of  writing.  This  gentleman  completed 
the  bufinefs  in  a  ffiort  time,  by  inventing  a  fet  of  diftinCt  cha¬ 
racters  of  eafy  execution,  and  contriving  the  means  of  imprint¬ 
ing  them  upon  paper. 

The  origin  of  the  invention  being  now  ftated,  the  procefs 
may  be  deferibed  in  the  following  manner;  including  the  pre¬ 
paration  of  the  paper,  the  alphabet,  the  law  of  combining  the 
letters,  the  apparatus,  and  the  proper  kind  of  ink. 

The  paper  is  prepared  by  dividing  it  into  feveral  fquare  com¬ 
partments,  which  will  appear  in  the  annexed  figure,  page  57. 
The  operation  might  be  performed  by  means  of  a  ruler,  but 
the  page  may  be  ffamped  with  greater  certainty  by  the  writing- 
frame;  which  inftrument  will  be  deferibed  in  the  fequel. 

The  alphabet  is  formed  by  means  of  two  marks  only;  thefe 
are  a  dot,  and  a  ffraight  ftroke;  for  each  compartment  rnay 
be  corfidered  as  the  tkeleton  of  any  character  the  writer  wiflies 
to  make;  and  it  is  completed  by  placing  the  requifite  mark  in 
its  proper  place.  The  letters  might  be  deferibed  feparately, 
but  a  moment's  infpeCtion  of  the  alphabet  given  in  Fig.  iff 
explains  the  flruCture  of  it  better  than  words  can  do.  The 
Icheme  moreover  fliews,  that  there  are  thirteen  places  where 
the  marks  may  be  fixed,  fo  as  to  form  all  the  letters :  to  thefe 
may  be  added  the  three  characters  denoting  the  end  of  a  w-ord, 
a  capital,  and  the  numerals  1,  2,  3,  &c. 

Since  placing  a  dot  or  a  firoke  in  a  fquare  makes  a  letter,  the 
fame  compartment  may  form  the  bafis  of  feveral  characters  in 
certain  circumfianees;  provided  the  law’  of  combining  them 
be  firft  eftablifhed. 


55 


ART  OF  WRITING  IN  THE  DARK. 

My  method  confifts  in  fuppofing  the  thirteen  places  of  each 
compartment  to  be  numbered,  as  is  done  in  the  annexed  figure 
(Fig.  2d.)  Now  if,  in  fpelling  a  word,  the  place  of  the  former 
of  two  adjacent  letters  be  of  a  lefs  denomination  than  that  of 
the  latter,  they  may  both  be  put  in  the  fame  fquare ;  in  like 
manner  if  the  fecond  do  not  exceed  the  third  in  value,  this  lad: 
may  alfo  be  inferted  with  the  other  two;  and  the  fame  rule 
will  obtain  with  the  fourth,  &c.  Letters  of  the  fame  deno¬ 
mination,  as  o,  r,  &c.  are  to  be  placed  in  feparate  fquares; 
and  every  capital  mud  have  a  compartment  to  itfelf.  This  way 
of  writing  obferves  no  proportion  betwixt  the  length  of  a  word 
and  the  fpace  occupied  by  it:  the  monofy  liable  (and)  fills  three' 
fquares;  which  is  the  number  taken  up  by  the  trifyllable  (in* 
fpection)  See  Fig.  id. 

The  elementary  procefles  of  the  art  being  now  explained, 
we  come  in  the  next  place  to  the  defeription  of  the  inftruments 
and  their  ufes. 

4 

The  writing-table  is  an  oblong  board,  having  two  parallel  The  writing 
brafs  plates  palling  from  bottom  to  top,  and  containing  a  fpace table* 
between  them,  juft  fufficient  to  receive  a  fheetof  paper  :  they 
are  an  inch  in  breadth,  and  ^  of  an  inch  in  thick nefs,  being 
fixed  with  their  flat  tides  to  the  table.  A  row  of  fhort  pins  is 
placed  along  the  middle  of  either  plate:  each  pin  in  one  row 
is  oppofite  to  one  in  the  other,  and  the  diftance  of  two  adja¬ 
cent  pins  in  either  plate,  is  exactly  equal  to  the  breadth  of  the 
writing  frame.  This  inftrument  is  an  oblong  piece  of  brafs.  The  writing 
a  quarter  of  an  inch  thick:  it  has  a  bevil  at  each  end,  which  ^rame* 
parts  pafs  over  the  fide  plates  of  the  table,  and  thereby  fuffer 
the  intermediate  parts  of  the  frame  to  reft  upon  the  paper.  The 
annexed  figure  ( 1  ft)  ihews  the  ftructure  of  the  perforated  part 
and  the  fize  of  the  fquares. 

The  procefs  of  ftamping  the  paper  confifts  in  covering  the  Operation  of 
underfide  of  this  plate  with  printer’s  ink;  a  fmall  hole  being  P,eP*ring 
made  in  either  bevil  for  the  reception  oi  two  oppofite  pins  in 
the  fide  plates ;  the  operation  commences  by  placing  the  frame 
on  the  higheft  pair,  it  is  afterwards  fuccetfively  removed  to 
each  inferior  pair  until  the  whole  page  is  ftamped  and  prepared 
for  the  pen. 

This  inftrument  is  a  fquare  brafs  rod,  four  inches  long :  The  pen. 
each  fide  of  the  fquare  being  nearly  half  as  long,  as  a  fide 

of 
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of  a  compartment  in  the  frame.  One  end  of  this  pen  is  cut 
away  parallel  to  one  of  its  tides,  fo  as  to  form  a  plate  three 
eights  of  an  inch  long  and  a  line  in  thicknefs:  the  end  of  the 
plate  is  alfo  filed  down  fo  as  to  leave  at  one  corner  a  point, 
which  is  parallel  to  the  axis  of  the  rod  :  this  point  is  ufed  in 
making  dots.  The  other  end  of  the  rod  is  cut  diagonally  pa¬ 
rallel  to  its  axis,  thereby  forming  a  prifm,  the  end  of  which  is 
an  ifoceles  triangle.  The  extremity  of  this  prifm  is  alfo  cut 
away,  fo  as  to  leave  a  plate  lying  in  the  fame  plane  with  that 
defcribed  above:  the  end  of  this  plane  has  a  fmall  bevil  exter¬ 
nally,  which  gives  it  the  edge  of  a  chiflel;  and  it  is  ufed  in 
making  ftrokes.  The  writing  frame  always  refts  on  that  part 
of  the  page,  which  you  are  going  to  write  upon  ;  and  the  fides 
of  the  compartments  together  with  their  angles  guide  the  pen 
to  the  proper  places:  the  method  of  ufing  which  will  eafily 
occur  to  thofe  who  are  acquainted  with  the  alphabet  and  ap¬ 
paratus. 

They  fliould  however  be  informed  that  printer’s  ink,  is  fit¬ 
ted  for  the  purpofe:  it  is  fpread  upon  a  cufliion  of  foft  leather, 
which  mud  be  touched  by  the  pen,  as  oft  as  it  is  applied  to 
the  paper. 

JOHN  GOUGH. 


Middlejhaiv,  Dec.  15,  1803. 


(See  alphabet,  next  page.) 

P.  S.  A  paper  of  mine  was  read  Nov.  4th  before  the  Man- 
chetler  Society^  in  which  I  endeavour  to  demonftrate  Mr. 
Dalton’s  do&rine  of  mixed  gafes  to  be  repugnant  to  the  me¬ 
chanical  philofophy.  It  alfo  proves  experimentally  that  water 
augments  the  bulk  of  air  of  a  given  temperature  without  the 
intervention  of  a  flopple  of  mercury;  from  which  the  non- 
exiftence  of  an  aqueous  atmofphere  is  inferred  upon  known 
principles. 


ALPHABET. 


art  of  writing  in  thf  dark. 


57 


ALPHABET.  Fig.  1 ft. 


La  ho  r  o  mn  /v  a  vLn  c  it  ( 


• 

\ 

# 

A 

• 

JL- 

•  • 

! 

* 

• 

_ 

z 

.  i 

1 

Denominations  of  the  Letters. 

1  2  3  4  5  6  7  8  9  10  11  12  13 


blicmodnuf  p  e  a 
g  q  h  r  j  s  k  y 

V  W  X  z 

*  The  fquare  diftinguifhed  by  one  ftar  underneath  contains  the 
mark  to  denote  the  end  of  a  word. 

**  The  fquare  fo  diftinguilhed  contains  the  mark  denoting  a  ca¬ 
pital  letter. 

***  The  fquare  fo  diftinguilhed  contains  the  mark  fignifying  a 
numeral  character  or  number* 
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7  Method  of  uniting  Sulphur  and  Phofphorus  without  Danger  to 
the  Operator,  and  an  Attempt  to  explain  the  Change  that  then 
takes  Place.  By  Robert  Briggs,  M.  D.  Edinburgh . 
Communicated  by  the  Author . 

Danger  of  com-  Mr  .  ACCUM  has  lately  favoured  your  readers  with  an  ac- 

phu'^and  phof-  count  of  fome  experiments  made  on  the  compound  of  fulphur 

phorus.  and  phofphorus,  (bowing  the  great  danger  of  preparing  it  by 

the  ufual  procefs,  but  without  pointing  out  a  method  by  which 

it  may  be  readily  formed,  and  that  without  the  fmalleft  r i Ik 

in  the  hands  of  a  careful  operator.  I  fay  careful  operator,  for 

no  preparation  of  fulphur  and  phofphorus  fliould  be  handled 

carelefsly.  In  order  to  prevent  effects  fimilar  to  thofe  which 

happened  to  Mr.  Accum,  is  the  purport  of  this  paper. 

limited  combi-  If  equal  quantities  of  fulphur  and  phofphorus  are  melted 

t i i ^ h !" fph o ' us  together  under  water  at  a  temperature  not  exceeding  180°  of 

under  i8o°.  Fahrenheit’s  thermometer,  a  certain  proportion  only  of  the 

fulphur  unites  with  the  phofphorus.  The  remainder  is  eafily 

wafhed  away  with  cold  water.  This  does  not  hold  in  higher 

temperatures:  any  quantity  of  fulphur  may  then  be  united. 

Qualities  of  this  Upon  examining  the  compound  after  it  is  perfectly  cold,  it 

compound.  wj]]  be  found  to  have  a  friable  texture,  fpungy  appearance,  and 

a  fulphur  colour.  The  heat  of  the  hand  is  fufficient  to  melt  it, 

and  a  temperature  of  about  112°  or  nearly  fo  will  fet  it  on  fire 

if  perfectly  dry.  To  dry  it  perfe6tly,  however,  is  very  difficult. 

When  juft  formed,  and  during  its  formation,  there  is  a  ftrong 

fmell  of  fulphurated  hydrogen,  and  a  confiderable  quantity  of 

the  hr  at  be  that  gas  makes  its  efcape.  After  the  heat  of  the  compound, 

railed  neark  to  un(jer  water  js  raifej  to  200°  or  210°,  the  water  is  decotn- 
boiling,  tne 

water  is  rapidly  pofed  very  rapidy  ;  white  fumes,  which  before  filled  the  empty 
fpice  of  the  flafic,  now  iftue  out  of  its  mouth  in  abundance, 
and  if  the  veffel  is  ffiaken  by  the  hand  or  by  allowing  the  water 
to  boil,  afudden  inflammation  andexplofton  is  the  confequence. 
The  compound  of  fulphur  and  phofphorus  begins  to  decompofe 
the  water  immediately  after  the  union  of  the  two  commences, 
but,  towards  the  boiling  point  of  water,  that  decompofition 
js  very  rapid. 

If 


decomposed, 
white  fumes 
efcape,  and  it 
explodes. 


SULPHUR  AN  D  PHOSPHORUS. 


59 

It  you  take  the  velfel  of  the  fire  juft  when  the  white  fumes  The  white 

have  filled  the  flalk,  but,  before  they  begin  to  iffue  from  its  bcauiifuHy  lumi 

mouth,  and  place  it  in  a  dark  room  without  fhaking  it  in  the  nous  in  the  dark, 

lead,  the  whole  fpace  above  the  water  which  is  filled  with  the  and  fiery  r*ngs 
r  f  1  .  lometimes  ap« 

denle  white  fumes,  has  a  beautiful  appearance,  like  an  aurora  pear, 

borealis.  At  this  tim-e  very  frequently,  though  not  always, 

bubbles  of  phofphorated  hydrogen  gas,  or  rather  fulphur 

phofphorated  hydrogen  gas,  if  I  may  be  allowed  the  term, 

etcape  and  take  fire  on  coming  in  contact  with  the  external 

air,  forming  a  beautiful  white  ring  of  fmoke  riling  to  the 

cieling  of  the  room, — juft  fuch  as  happens  from  the  decom- 

pofition  of  water  by  means  of  phofphuret  of  lime  or  potafh. 

Now  what  is  the  change  produced  during  this  formation  ?  In  this  procefs. 
That  the  water  is  decompofed,  is  abundantly  evident.  But  p/decom 
while  the  hydrogen  of  the  water  efcapes,  what  becomes  of  its  pofed,  the 
oxigen  ?  It  the  oxigen  were  alfo  allowed  to  eicape,  we  fhould  °xygen  1S  not 

.  .  ,  ice  rree. 

feel  its  prefence,  from  explofion  after  expjofion  taking  place, 
immediately  after  it  left  the  water  along  with  the  hydrogen, 
united  with  as  much  phofphorus  as  is  fufficient  to  fire  the  two. 

The  firing,  however,  only  happens  after  the  fulphur  phof-  It  is  employed 
phorated  hydrogen  reaches  the  external  air,  or  when  the  de-  ^ 

competition  goes  on  very  rapidly  from  a  high  temperature, 
and  fafter  than  the  oxigen  can  be  difpofed  of.  From  all  thefe 
facts  taken  together,  I  believe  it  mull  be  pretty  obvious,  that 
the  compound  which  we  form  of  fulphur  and  phofphorus  under 
water,  is  not  of  pure  fulphur  and  phofphorus,  but  of  their 
oxides.  That  is,  during  the  jundlion  of  fulphur  and  phof¬ 
phorus  by  heat  under  water,  part  of  the  water  is  decompofed, 
the  hydrogen  elcapes  after  engrofting  a  fmall  portion  of  fulphur 
and  phofphorus,  while  the  oxigen  unites  with  the  fulphur  or 
phofphorus,  or  both.  Converting  them  into  an  oxide  of  fulphur 
and  phofphorus.  This  will  be  found  farther  confirmed  from  which  oxide  is 
conftdering  the  nature  of  this  compound.  It  is  very  inllam-  mabtedian'thc 
mable,  much  more  fo  than  a  compound  of  pure  iulphur  and  fimple  com- 
phofphorus  formed  by  another  method  which  I  fhall  deferibe  Pound< 
by  and  by;  but  which  may  be  converted  into  an  oxide  by  a 
very  fimple  procefs,  which  I  fhall  alfo  point  out;  then  it  becomes 
one  of  the  moft  inflammable  bodies  with  which  I  am  acquaint-  . 
ed.  Farther  the  compound  of  oxide  of  fulphur  and  phof-  Phofphorus  and 
phorus,  does  not  decompole  cold  water  fo  far  as  I  have  been  ^compofe  water 
gble  to  perceive,  though  the  contrary  is  faid  by  Mr.  Accum  ;  unlefs  heated. 
|)ut  it  will  decompofe  the  water  if  heated. 

Upon 
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The  compound 
firft  mentioned  is 
of  the  oxide  j 
and  the  phof- 
phorated  and 
fulphurated 
hidrogens  con¬ 
tain  oxigen. 


Bcft  method  of 
forming  it. 


Up6n  the  whole  then,  I  imagine,  that,  this  compound 
when  formed  under  wafer,  is  nothing  elfe  than  a  mixture  of  the 
oxide  of  fulphur  and  the  oxide  of  phofphorus,  and  that  phof- 
phorated  hydrogen  gas,  is  not  phofphorus  diflolved  in  hydrogen 
gas,  but  a  folution  of  the  oxide  of  phofphorus  in  that  fluid, 
and  the  fame  may  be  faid  of  fulphurated  hydrogen.  It  is  not 
fulphur,  but  an  oxide  of  fulphur  that  is  diflblved. 

I  fhall  now  proceed  to  mention  what  I  confider  as  by  far 
the  beft  method  of  forming  a  jun&ion  of  fulphur  and  phof¬ 
phorus,  and  of  afterwards  converting  them  into  oxides  without 
rifk  or  danger. 

When  I  firft  began  to  examine  the  nature  of  the  oxides  of 


The  mixture 
heated  in  a  phial 
covered  with  a 
perforated 
bladder. 


Explanation  of 
Mr.  Accum’s 
accident. 


fulphur  and  phofphorus,  the  decompofilion  of  water,  and  the 
efcape  of  its  hydrogen  only,  at  a  low  temperature,  I  imagined 
that  I  could  effect  the  union  of  the  tw  o  much  better  without 
the  water. 

I  took  a  phial  glafs  and  filled  one  third  of  it  with  the  ufual 
proportions  of  fulphur  and  phofphorus,  I  tied  a  piece  of  flrong 
bladder  over  the  mouth  of  the  glafs,  and  made  a  fmall  hole  in 
it  with  a  pin.  I  expected  that  after  the  phofphorus  began  to 
melt,  probably  it  would  fire  with  the  fmail  quantity  of  oxigen 
of  the  atmofpheric  air  in  the  phial,  before  the  fulphur  and 
phofphorus  had  joined.  I  therefore  ufed  the  precaution  of  a 
fmall  hole  in  the  bladder  to  allow  the  efcape  of  the  rarefied 
azotic  gas.  It  did  fire,  and  was  followed  by  a  trifling  ex- 
plofion. 

The  heat  was  by  this  fuddenly  augmented,  the  union  of  the 
fulphur  and  phofphorus  formed  immediately,  and  nothing  more 
particular  happened.  The  heat,  however,  is  raifed  fo  fudden¬ 
ly  that  if  the  phial  is  large  it  is  very  apt  to  break.  I  would 
not  therefore  recommend  this  to  be  tried  by  a  young  chemift 
without  great  caution. 

Before  going  farther,  I  would  now  attempt  to  explain  the 
accident  that  happened  to  Mr.  Garden  as  related  by  Mr.  Accum. 

I  he  compound  of  oxide  of  fulphur  and  phofphorus  which  he 
was  melting  with  the  phofphorus,  had  either  not  been  tho¬ 
roughly  freed  from  water,  which  it  is  very  difficult  to  do,  and 
hence  the  explofion  is  eafily  explained  on  the  principles  which 
I  have  already  related  ;  or,  allowing  that  there  was  no  water, 
the  phofphorus  had  been  fired  by  the  oxigen  of  the  atmofpheric 
air  in  the  upper  part  of  the  phial,  at  the  very  moment  of 

fhaking 
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fnaking  the  glafs.  Tl  ) is  of  courfe  would  raife  a  quantity  of 
the  melted  phoiphorus,  and  at  the  tame  time  oblige  him  to 
remove  his  finger  from  the  mouth  of  the  phial.  The  highly 
farified  nitrogen  would  ruth  out  with  violence,  carrying  part 
of  the  melted  phofphorus  along  with  it,  an  explofion  and  its 
effects  would  be  the  confequence. 

A  pretty  loud  report  may  be  produced  by  heating  any  por¬ 
tion  of  air  in  a  phial  glafs  covered  by  the  finger,  on  fuddenly 
removing  the  finger. 

This  explanation,  however,  is  rendered  abundantly  evident  Experiment  ia 
from  what  follows.  Fill  a  phial  glafs,  or  what  is  ftill  better,  proor* 
a  thin  glafs  tube  fiiut  hermetically  at  one  end  with  fulphur  phur  gradually 
and  phofphorus.  Cork  it  firmly,  and  plunge  the  tube  into  5eal£d,1l"  * 

,  .  J  *  °  Imall  doled 

hot  water,  the  heat  ot  which  is  to  be  gradually  augmented  till  vefiel,  unite 

it  boils.  The  fulphur  and  phofphorus  will  melt  and  unite  danger, 

peaceably.  Shake  them  after  taking  the  tube  from  the  boiling 

water,  that  the  mixture  may  be  compleat,  and  no  accident  will 

happen. 

It  is  hardly  neceflary  to  caution  againfi  plunging  the  tube  Not  fo  if  the 
into  boiling  water  at  firft.  A  contrary  plan  allows  any  fmall ileat  be  *”uduen* 
quantity  of  oxigen  that  may  be  prefent  in  the  very  fmall  portion 
of  air  that  may  remain  between  the  particles  of  the  fulphur 
and  phofphorus  to  be  taken  up  by  the  phofphorus  before  melt¬ 
ing.  If  a  compound  of  fulphur  and  phofphorus  be  prepared  Jhis  compound, 
as  above  directed,  having  only  a  fmall  proportion  of  fulphur,  t\"a!^h’e 
it  has  a  yellowifii  white  colour,  isfolid  when  cold,  and  has  a  firft  mentioned, 
cryftallized  appearance.  This  fubftance  is  more  inflammable  oxldc  * 
than  phofphorus,  but  not  by  any  means  fo  much  fo  as  a  dry 
oxide  of  fulphur  and  phofphorus.  This  compound,  however, 
may  be  eafily  converted  inlo  an  oxide  by  the  following  (imple 
procefs.  Set  fire  to  the  mixture,  Hill  in  the  tube,  by  taking  out  which  it 

,  ...  ....  .  ,  .  ,  ,  .  .  ,  .  may  be  coverted 

the  cork,  admitting  a  little  air,  and  plunging  a  hot  wire  into  it ;  ^  combuftion* 

allow  it  to  burn  only  five  or  fix  feconds.  It  will  by  this  be 

converted  into  the  oxide  of  fulphur  and  phofphorus,  be  found 

to  refemble  in  appearance  very  much  a  neutral  fait  efflorefeing, 

fublime  into  the  neck  of  the  glafs,  and  be  fo  very  inflammable 

that  the  inftant  you  bring  it  into  the  air  it  catches  fire,  though 

the  thermometer  be  at  the  freezing  point. 

Edinburgh  j ,  December  15,  1803. 


On 
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ASCERTAINING  THE  DIP  AT  SEA. 


XII. 


On  the  bejt  Method  of  afeertaining  the  Dip  at  Sea.  In  a  Lcttei 
from  Mr.  Ezekiel  Walker. 


To  Mr.  NICHOLSON, 


SIR, 


The  dip  of  the 
horizon  render¬ 
ed  veryuncertain 
by  refraction. 


The  back  ob¬ 
fervation  will 
not  correCtly 
<hew  the  dip. 


It  is  belt  found 
by  taking  the 
fun’s  altitude 
and  its  oppofite 
fupplement  by 
two  perfons  ; 


or  by  one  perfo» 
with  two  inftru- 


ments. 


It  is  well  known  that  refradion  varies  fo  much  near  the 
horizon  as  to  render  the  depretlion  or  dip  very  uncertain, 
whence  it  feems  defirable,  in  the  prefent  improved  fiate  of 
navigation,  to  find  the  dip  by  obfervation  rather  than  trufi  to 
the  fable.  An  infirument  fo  confiru&ed  as  to  rneafure  an 
angle  of  1S0°  would  be  very  convenient  for  this  purpofe, 
and  the  back  obfervation  in  Hadley’s  quadrant  has  been  pro- 
pofed  ;  but  the  back  obfervation  is  attended  with  fo  many  in¬ 
conveniences  to  the  obferver,  and  fo  little  to  be  depended 
upon,  as  to  render  it  nearly  ulelefs.  The  infirument  which  I 
have  propofed  for  taking  any  angle  Iefs  than  180^  teems  well 
adapted  to  this  purpofe  *.  The  difiance  of  the  two  oppofite 
horizons  at  fea  is  =  180°  -j-  twice  the  dip ;  but  the  motion  of 
the  fnip  renders  this  method  very  troublefome  and  uncertain  ; 
for  whatever  uncertainty  attends  taking  an  altitude  of  a  celef- 
tial  objed,  that  uncertainty  is  doubled  in  taking  thediftance  of 
the  two  oppofite  horizons.  To  avoid  this  inconvenience, 
let  the  meridian  altitude  of  the  fun’s  upper  or  lower  limb 
be  taken  with  a  fextant  by  one  obferver,  and  at  the  tame 
time,  let  another  obferver,  with  an  infirument  fo  conftrudeci 
as  to  rneafure  an  angle  of  180°  take  the  difiance  of  the  fame 
limb  of  the  tun,  from  the  oppdfite  horizon;  the  fum  of  thefe 
two  angles—  1 80°  is  =  twice  the  dip.  And  as  two  obferva- 
tionsof  the  fun’s  altitude  are  thus  taken  independently  of  each 
other,  the  latitude  will  be  obtained  with  greater  precition  than 
by  a  tingle  one. 

The  obfervations  may  alfo  be  taken  with  two  infiruments 
by  one  perfon. 

Let  the  obferver  begin  fome  time  before  noon,  and  take  the 
altitude  of  the  fun’s  limb.  2.  With  the  other  infirument  take 
the  difiance  of  the  fame  limb  from  the  oppofite  point  of  the 


*  See  Philofophical  Journal,  vol.  iv.  p.  218.  and  vol.  vi.  p.  2\9i 

horizon. 
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horizon,  then  take  the  lirfl  inftrument,  and  corre6t  the  ob- 
fervation  ;  and  fo  continue  to  ufe  the  inllruments  alternately 
till  the  fun  (hall  arrive  at  his  greatefl  altitude. 

If  the  fun’s  altitude  were  taken,  when  off  the  meridian,  by  This  method 

two  obfervers,  in  the  manner  above  mentioned,  in  order  to  Is  rycommein<lc<i 
r  ,  .  ,  ..  ...  finding  the 

find  the  hour  from  noon,  it  might  greatly  adu  to  the  accuracy  time. 

of  that  important  problem. 

REMARKS. 

From  the  above  ftriflures  it  appears,  that  navigation  might 
receive  many  improvements  from  an  inllruraent  that  would 
take  in  the  largeft  angle,  and  admit  of  being  accurately  ad¬ 
jured.  The  latitude  and  time  of  the  day  might  then  be  de¬ 
termined  with  greater  precifion  than  at  prefent,  and  the  limits 
of  the  method  of  finding  the  longitude  by  the  lunar  theory 
would  be  enlarged. 

EZEKIEL  WALKER. 

Lynn,  December  22,  1803. 

(To  be  continued  in  a  future  communication.) 

ERRATUM. 

Vol.  VI.  p.  219.  near  the  bottom,  for  120°,  read  1S0C. 


XIII. 

New  Procefs  for  fabricating  Alum  artificially  arid  without  the 
A Jfftauce  of  Evaporation.  By  Cit.  Curaudau,  Correfpvrui- 
ing  Member  of  the  Society  of  Apothecaries  of  Paris  *. 

REPORT  was  made  to  the  National  Inftitute  in  Fruc- 
tidor  of  the  year  9,  by  Citizens  Guyton  aad  Vauquelin,  on 
a  new  procefs  of  Citizen  Curaudau,  for  the  artificial  fabrica- 
cation  of  alum.  As  this  report  is  not  generally  known,  we 
haften  to  communicate  it  to  our  readers. 

Citizen  Curaudau  propofes,  in  the  fabrication  of  alum,  Procefs  err, ploy- 
to  employ  one  hundred  parts  of  clay,  and  five  of  muriate  of  ed  ky  Cit. 

,  .  „  r  re  '  .  n  Curaudau  to 

loda,  diluted  with  a  quantity  of  water  lufncient  to  give  a  pafty  make  alum 

confiftence  to  the  mixture.  It  is  then  made  into  loaves,  with  artificially. 

ioo  day  and  5 

*  From  the  Annales  de  Chimie,  Florcal,  Am  XI;  No-  137.  kneaded1  with 

which  Water i  the  leave* 
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are  ignited,  which  a  reverberatory  furnace  is  illed,  and  wherein  a  brifk 
cooled,  pounded,  fire  js  kept  Up  for  two  hours,  or  until  the  infide  of  the  furnace 

of  TiUphuricacid  *s  obfcurely  red.  The  calcination  being  finifhcd,  the  clay  is 
water  is  added  reduced  to  powder  and  put  into  a  found  calk  ;  one  fourth  ol 
trmts^h^acid.10^8  we*g^t  of  fulphuric  acid  is  then  poured  over  it,  at  feveral 
intervals,  agitating  it  ftrongly  upon  each  addition.  As  foon 
as  the  diflengaged  vapours  of  muriatic  acid  are  diftipated, 
a  quantity  of  water  equal  to  that  of  the  acid  is  added,  and  it 
is  ftirred  as  before.  This  produces  a  combination  between 
the  acid,  the  earth,  and  the  water,  fo  rapid,  that  the  mixture 
heats,  lwells  and  Gmits  abundance  of  vapours.  Laftly,  when 
the  heat  has  abated  a  little,  water  is  continually  added  until 
the  quantity  amounts  to  about  eight  or  ten  times  that  of  the 
acid. 


To  the  clear 
decanted  liquor 
pota.lt  is  added. 


The  alum  cryf- 
talizes  by  cool¬ 
ing. 


The  wafhings 
employed  in  a 
fiibfequent 
operation. 


The  mother- 
waters  ufeful 
in  making 
pruflian  blue. 


When  that  part  of  the  earth  which  is  ufelefs  in  the  formation 
of  the  alum  is  depolited,  and  the  liquor  become  clear,  it  is 
drawn  off  into  veffels  or  boilers  of  lead.  A  quantity  of  water 
equal  to  that  of  the  liquor  drawn  oft',  is  then  poured  over  the 
refiduum,  and  afterwards  added  to  the  firft  :  laftly,  a  folution 
of  potafh  is  mixed  with  the  lye,  in  which  the  alcali  amounts 
to  one  fourth  of  the  weight  of  the  acid  employed,  and  it  is 
agitated.  If  the  preference  be  given  to  employ  fulphate  of 
potafh,  the  quantity  ufed  muft  be  double  that  of  the  alcali. 

After  a  certain  time,  the  liquor  by  cooling,  affords  cryftals 
of  alum,  the  quantity  of  which,  when  the  cryftallization  is 
completed,  amounts  to  three  times  the  weight  of  the  acid 
made  ufe  of.  This  alum  is  refined  by  diflolving  it  in  the 
fmalleft  poftible  quantity  of  boiling  water;  and  it  is  then  as 
pure  as  the  beft  alum  of  commerce. 

As  the  refidue  ftill  retains  fome  faline  parts.  Citizen  Curau- 
dau  recommends  wafhing  it  a  third  time  with  a  quantity  of 
water  fufficient  to  extraft  all  the  fait,  and  to  ufe  this  inftead  of 
fimple  water  in  a  fecond  operation;  by  which  means,  there 
will  not  be  any  lofs. 

Thus,  without  the  aftiftance  of  heat,  the  greateft  part  of 
the  alum  formed  in  the  operation  is  obtained,  which  is  highly 
beneficial.  The  author  recommends  the  ufe  of  the  mother- 
wTaters,  which  ftill  contain  alum  with  fulphate  of  iron  very 
much  oxided,  in  the  fabrication  of  pruffian  blue,  to  which 
purpofe  they  are  well  adapted. 


He 
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He  confiders  the  fabr  ation  of  alam  as  particularly  ad-  This  procefs 
vantageous  to  the  manufacturers  of  prufTian  blue,  becaufe  ^^hemakmof 
they  may  calcine  their  clay  at  the  fame  time  with  their  animal  pruffian  blue, 
matters,  without  any  increafe  of  expence.  They  will  have 
no  need  in  that  cafe  to  add  potath  ;  and  the  prefence  of  iron, 
inftead  of  being  injurious,  will,  on  the  contrary,  be  very 
ufeful.  If  they  are  defirous  of  fabricating  alum  for  fale,  they 
may  ufe  the  foiution  of  fulphate  of  potafh  anting  from  the 
wafliing  of  their  pruffian  blue,  and  which  is  ufually  loll,  in- 
ffead  of  water,  to  diffolve  the  combination  of  alumine  and 
lulphuric  acid.  The  retiduums  or  refufe  of  the  diftillers  of  Refiife  of  the 
aquafortis  are  equally  applicable  to  the  fame  purpofes  :  they  aquafortis  may 
contain  the  alumine  and  potafh  requifite  to  the  compofition  of  bey  fed. 
alum,  and  it  will  be  fufficient  to  fprinkle  this  fubftance,  re¬ 
duced  to  powder,  with  fulphuric  acid,  and  to  add  the  necelTary 
quantity  of  water  to  the  mixture,  proceeding  as  has  been 
directed  above.  The  mother-waters  of  thefe  alums  are  alfo 
ufeful  ill  the  fabrication  of  pruffian  blue. 

We  may  alfo  obferve  on  this  occafion  that  the  refufe  of  the  contams  arl. 
diftillers  of  aquafortis  contains  more  alcali  than  is  required  for  excefs  of 
the  faturation  of  the  fulphate  of  alumine  formed  by  the  clay, 
and  that  to  obtain  the  greateft  poffible  quantity  of  this  fub- 
ftance,  it  is  neceffiary  to  add  an  eighth  by  weight  of  this  earth 
calcined,  according  to  the  procefs  of  Citizen  Curaudau;  and 
that  in  ufing  about  fixty  parts  of  acid  to  a  hundred  of  this 
earth,  at  leaf!  one  hundred  and  eighty  parts  of  very  fine 
alum  are  obtained. 

Citizen  Curaudau  affirms,  that  he  has  for  a  long  time  pre-  Profits  from 
pared  alum  by  thefe  different  proceffes  with  an  advantage 
more  than  25  per.  cent,  over  that  of  commerce,  and  that, 
notwithstanding  the  price  to  which  it  has  now  fallen,  he  ftill 
derives  from  10  to  12  per.  cent,  profit.  Laftly,  the  manu¬ 
facturers  of  pruffian  blue,  to  whom  the  potafh  would  be  no 
expenfe,  would  at  this  time  gain  from  17  to  18  per.  cent,  by 
making  this  fait  artificially. 

From  the  contents  of  this  report,  is  is  feen  that  the  memoir 
of  Citizen  Curaudau  contains  the  refults  of  experiments  made 
on  a  large  fcale,  highly  interefling  to  manufacturers  and 
merchants,  and  that,  in  this  view,  it  will  be  ufeful  to  circulate 
them  through  the  channel  of  the  fcientific  Journals.  We  are 
therefore  of  opinion,  that  the  clafs  will  give  much  credit  to 
Vol.  VII. — January,  1804.  F  Citizen 
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Citizen  Curaudau  for  having  publifhed  the  refult  of  his  ob¬ 
servations,  and  that  it  ought  to  encourage  him  thus  to  turn  the 
produd  of  his  ufelul  labours  to  the  advantage  of  his  country. 

Done  in  the  clafs  of  phyfical  and  mathematical  Sciences, 
the  1 1  th  Frudidor,  in  the  year  IX. 

Signed,  Guyton  and  Vauquelin. 

The  clafs  approves  the  report  and  adopts  the  eonclufions. 


XIV. 


Letter  from  Mr.  John  Farcy,  concerning  the  great  Fiery 
Meteor  of  Nov.  13,  and  on  other  Subjects. 

To  Mr.  NICHOLSON. 

SIR, 


Correct  date  or 
the  appearance 
of  the  fiery  me¬ 
teor  in  Novem¬ 
ber  lalb. 

Jt  ’was  on  the 
13  tb. 


Inquiries  about 
its  eourle,  <Stc. 


The  great  value  of  your  Journal,  as  a  record  of  fads  con- 
neded  with  Science,  induces  me  to  requeft  you  will  corred 
the  errors  which  have  unfortunately  crept  into  your  account  of 
the  meteor  of  the  13th  ult.  which  is  deferibed,  in  the  Second 
line  of  the  title,  and  in  the  fir  ft  line  of  the  account  at  page  279, 
to  have  happened  on  the  Jixth ;  and  alfo  in  the  title  of  the  cuts 
in  the  next  page,  where  it  is  deferibed  as  an  event  of  the  fii- 
teent/i.  I  am  much  concerned  that  your  friend  who  Saw  this 
interefting  phenomenon  over  St.  Ann’s  church-yard,  did  not 
give  an  effimate  of  its  elevation,  or  of  its  neareli  approach  to 
the  zenith,  or  of  the  number  of  Seconds  during  which  the  light 
occafioned  by  it  continued. 

I  was  not  fo  fortunate  as  to  fee  it  myfelf,  or  Since  to  meet 
with  any  Scientific  perfon  who  did,  but  on  the  following  even¬ 
ing,  I  enquired  minutely  of  four  or  five  watchmen  of  St.  Mar¬ 
tin’*  and  St.  Margaret’s  parifhes,  who  were  in  different  places 
at  the  time  in  their  way  to  their  refpedive  watch-houfes;  I 
went  with  each  of  thefe  perfons  to  the  Spot,  and  heard  their 
relation  of  every  circumliance  which  they  Saw ;  one  of  thefe 
perfons  being  juff  by  the  Horfe-Guards  within  the  Park,  and 
another  in  the  front  of  the  Admiralty,  agree  in  fixing  the  time 
at  about  twenty-nine  minutes  paff  eight  by  the  Horfe-Guards 
clock;  from  their comparifon  of  its  height  with  the  Seven  liars 
then  vifible  (though  it  was  rather  hazy)  I  am  inclined  to  think 
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that  it  pa  (Ted  within  about  30°  of  the  zenith,  to  the  South  of  it,  Greateft  altitude 

and  in  a  direction  from  E  S  E.  to  W  N  W.  by  caufing  thefe 

perfons  feparately  to  count  one,  two,  three,  &c.  as  long  as 

they  thought  the  light  laded,  while  I  looked  at  my  watch,  I 

conclude  its  light  laded  but  five  feconds,  which  agrees  very 

well  with  the  two  or  three  feconds  in  which  it  was  drong 

enough  to  affe£t  perfons  in  a  room,  as  mentioned  by  you  at 

page  279. 

During  the  very  heavy  fall  of  fnow  on  Monday  evening  the  Flafhes  of  light 
5th  Ind.  as  I  was  returning  home  from  Drury-Lane  Theatre,  *  td  1  °*' 

I  (aw  at  didant  intervals,  four  or  five  fudden  dallies  of  light, 
which  attracted  the  notice  of  many  perfons  near  me,  and  was 
concluded  to  be  lightning:  has  lightning  been  obferved  during 
the  formation  of  fnow  in  the  atmofphere  ?  The  air  felt  rather 
warm  at  the  time. 

Your  candour  will,  I  trub,  excufe  me  in  lamenting  the  too  Obfervatiom 
concife  defcriptions  given,  at  pages  218  and  219,  of  the  fyphon,  cies^nThis  afU" 
and  of  the  lubditute  for  a  dy  wheel;  it  has  not  appeared  evi-  Journal, 
dent  to  me  that  the  fyphon  would  aft  at  all,  without  a  dop 
cock  below  the  funnel.  Fig.  3.  In  line  7  of  page  219  the 
printer  has  evidently  made  fome  miftake,  and  what  is  given 
below  in  explanation  of  Fig.  2,  is  fo  far  from  evident,  that  I 
hope  you  will  at  your  leifure  give  a  more  detailed  account.  In 
page  220,  lad  line  but  one,  it  diould  refer  to  Fig.  4  indead 
of  3. 

You  will  greatly  oblige  me  by  giving  a  place  in  your  Journal  Valuable  works 
to  a  paper  of  Mr.  Playfair's  in  the  Edin.  Trans,  vol.  V.  1802,  indlCit;eJ' 
containing  Theorems  on  the  Figure  of  the  Earth.  And  to  a 
paper  in  the  Trans,  of  the  Linnean  Society,  defcribing  an 
extraordinary  appearance  of  the  layers  of  dint  in  the  chalk 
drataof  the  Ide  of  Wight.  I  am  in  hade. 

Sir, 

Your  obedient  humble  Servant, 

JOHN  FARCY. 

No.  12,  Crown-Street,  Weftminfier , 

Dec.  15,  1803. 


REPLY.  W.  N. 

Having  received  Mr.  Woulfe’s  communication  late  in  thfc 
month,  I  gave  the  account  nearly  in  the  concife  w  ords  of  the 

F  2  inventor. 
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inventor.  I  will  take  an  early  opportunity  of  fpeaking  mor* 
fully  refpe£ting  it.  In  Mr.  Howard’s  fyphon  the  funnel  part 
may  in  fome  meafure  be  confidered  as  a  fubftitute  for  the  tide 
fuflion  pipe.  In  large  fyphons  neither  will  operate  unlefs  there 
be  a  flop  cock  at  the  bottom  of  the  outer  leg:  in  (mall  inflru- 
ments,  fuch  as  that  in  the  drawing,  the  floppage  is  made  by 
the  finger. 

The  principal  intention  of  a  periodical  journal  being  to  pub- 
lifh  in  the  form  of  a  book  fuch  effays  as  from  their  concifenefs 
might  neither  be  circulated  nor  preferved  adequately  to  their 
merits,  it  feems  to  follow  that  larger  works  mull  for  the  mod 
part  be  exceptionable  from  the  fpace  they  occupy.  The  ex¬ 
cellent  treatife  of  ProfefTor  Playfair  being  in  Englifh,  and  of 
conliderable  length,  has  not  yet  been  reprinted  in  our  work, 
chiefly  for  the  latter  reafon;  but  I  will  avail  myfelf  of  the  obli¬ 
ging  indications  of  Mr.  Farcy  to  re-confider  both  the  works 
he  mentions. 


XV. 

Method  of  rejloring  rancid  EJfential  Oils.  By  J.  B.  Di 

Roover.* 

During  my  long  and  frequent  experiments  on  eflential 
oils,  I  have  difeovered  a  method  of  refloring  them,  when 
rancid,  which  appears  to  pofTefs  great  advantages.  The  ex¬ 
periment  which  led  me  to  it  is  as  follows: — 

I  mixed  one  ounce  of  fulphuric  ether  wdth  fixteen  ounces 
of  oil  of  peppermint  (lightly  rancid;  I  left  this  compound  in 
digeftion  for  twenty-four  hours,  and  then  added  five  pints  of 
fpirits  of  the  fame  mint.  The  folution  was  complete.  I  fil¬ 
tered  the  liquor  and  diftilled  it  over  the  water  bath.  I  ex¬ 
pected  that  nearly  the  whole  of  the  oil  would  have  patted  over 
in  the  diftiflation  along  with  the  alcohol  and  the  ether;  but,  on 
opening  the  (till,  I  was  much  furprized  to  find  the  greater  part 
of  the  oil  fwimming  on  the  furface  of  the  relidual  fluid.  To 
afeertain  the  quantity  of  oil  w  hich  had  patted  over,  I  precipi- 

*  From  the  Journal  of  Van  Mons  (to  whom  it  was  communi¬ 
cated  by  the  author,)  V .  107.  No.  13. 
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tated  it  from  its  folution  in  alcohol  by  water,  according  to  mv  Oil  was  fe- 

method,  and  four  ounces  and  a  half  of  oil  were  feparated  as  Para^e,J trcm  tllc 
_  .I-  r  alcohol  by  add- 

tranlparent  and  colourlets  as  water.  ing  water. 

I  then  poured  the  refiduum  ot  the  dill,  together  with  the  Second  diftilla- 
fpirit  and  the  water  of  precipitation,  after  having  feparated  the  the 

oil,  into  an  apparatus  over  a  naked  lire,  and  diftilled  a  fecond 
time.  I  had  the  fatisfaclion  to  find  a  fpirit  rife,  the  water  of 
which,  that  came  over  at  the  fame  time,  depofited  an  oil  as 
perfeft  as  before.  I  repeated  this  cohobation  by  pouring  theCohobation  and 
mixture  of  fpirits  and  water  on  the  remaining  oil  through*the  ^-diftillations, 
neck  of  the  alembic  until  I  had  colle6ted  in  all  twelve  ounces 
and  a  half  of  oil  as  fragrant  and  free  from  rancidity  as  the  gave  a  pure  oil. 
freffieft  and  bell  oil  of  peppermint. 

I  re<5lified  the  fpirits  and  judged  by  feme  trials  that  it  mi 
contain  rather  more  than  one  ounce  and  a  half  of  oil. 

What  remained  in  the  fiill  was  a  thick  adhefive  matter  of  Refinous  matter 
the  nature  of  turpentine.  I  boiled  it  with  water,  and  obtained  m 
ten  gros  (drams)  of  a  fort  of  dry  turpentine  fimilar  to  refin. 

It  is  difficult  to  ascertain  in  what  manner  the  addition  of  Theoretical  fpe- 
alcohol,  or  ether,  contributes  to  the  reftoration,  and  in  fome 
meafure  the  regeneration  of  fo  large  a  quantity  of  effiential  oil, 
which  had  loll  the  greatell  part  of  its  peculiar  odour. 

formerly  it  would  have  been  faid,  that  the  fpiritus  rector, 
with  which  the  alcohol  of  peppermint  was  impregnated,  had 
produced  this  effied  ;  but  now  when  we  know  that  the  fmell  of 
an  effiential  oil  does  not  depend  on  a  peculiar  principle,  but  on 
a  conllitution  proper  to  the  oily  compound,  we  cannot  admit 
that  the  oil  of  the  alcohol  had  rendered  any  particle  of  the  dif- 
aromatized  oil  odorant;  but  we  mud  fuppofe  that  the  ether  or 
the  alcohol  are  in  their  decompofition  identified  with  the  fub- 
ftance  of  the  oil. 

In  fa<51,  the  alcohol,  and  more  efpecially  the  ether,  contains 
as  aconftituent  part  hidrogen,  which  is  the  bafe  of  almoll  all 
the  odours.  Alcohol,  ether,  and  the  effiential  oils,  are  equally 
difpofed  to  undergo  an  alteration  in  the  relative  proportion  of 
their  principles.  There  is  confequently  no  obliacie  to  our  ad¬ 
mitting  this  concurrence  of  chemical  operation  for  the  refto- 
ration  which  I  have  obtained  of  the  oil  of  mint. 

Another  circumffiance  tends  to  lupport  this  explanation.  I 
at  firffi  attributed  the  oil  which  I  obtained  in  the  fecond  ope¬ 
ration  to  the  difference  of  temperature  of  the  bath,  and  ol  the 

naked 
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naked  fire.  Rut  the  oily  produds  of  the  fubfequent  diftillations 
being  all  made  at  the  lame  temperature,  left  me  no  caufe  for 
hefitation  in  explaining  the  effect  by  a  fucceflive  re-adion  of 
the  ether  or  the  alcohol  on  the  hidrogenated  oil. 

A  third  circumfiance  in  confirmalion  of  this  opinion  is,  that 
the  quantity  of  alcohol  appeared  to  me  to  be  lenfibly  diminiflied, 
and  that  in  the  fmell  of  the  oil,  which  was  peifedly  pure,  I 
did  not  find  the  leaft  trace  of  that  of  ether,  which  is  fo  eafily 
dillinguilhable.  It  is  true  that  during  the  repeated  dillillations, 
the  ether  might  have  been  diflipated  as  well  as  the  portion  of 
alcohol,  which  conftituted  the  difference  between  the  original 
and  fubfequent  quantities  of  that  liquid. 

It  remains,  neverthelefs,  to  be  explained  how  a  principle  of 
the  alcohol,  by  affimilation  with  the  principles  of  the  oil,  fiiould 
produce  precifely  the  proportional  compound  w’hich  forms  the 
lpecies  of  oil  on  which  it  re-ads.  To  this  it  may  beanfwered 
that  the  bafe  of  this  oil  is  only  difpofed  to  take  that  principle 
which  fhall  replace  it  in  its  original  ftate. 

But  even  fuppofing  this  explanation  to  be  unfounded,  and 
that  the  influence  of  the  ether  and  the  alcohol  fhall  appear  to 
be  merely  concurrent  circumftances  for  producing  a  feparation 
of  the  particles  of  oil  and  reftoring  its  qualities,  it  is  neverthe- 
lefs  certain,  that  the  fame  effect  has  not  hitherto  been  produced 
by  any  other  means,  and  that  my  experiment  furni flies  us  with 
a  valuable  method  of  reftoring  to  commerce  an  immenfe  quan¬ 
tity  of  effential  oil,  which  would  otherwdfe  be  of  no  value. 

P.S.  Since  the  above  mentioned  experiment,  I  have  made 
another  trial  with  an  oil  which  flowed  as  thick  as  turpentine, 
and  had  no  fmell  by  which  the  plant  from  which  it  was  ex-' 
traded  could  be  diftinguiilied.  I  mixed  four  ounces  of  this 
oil  w'ith  two  drams  of  fulphuric  ether,  and  after  four  days  dif- 
ti  I  led  it  with  pure  water.  Two  ounces  and  a  half  of  oil  came 
over  as  clear  and  as  fluid  as  fpirits  of  wine,  having  the  beft 
and  moft  decided  odour  of  wild  thyme.  There  remained  in 
the  ftill  two  ounces  of  refinous  matter  of  a  dark  red  colour. 

In  this  experiment  the  ether  certainly  developed  the  fmell  of 
the  oil  on  which  it  re-aded,  or  rather  it  recompofed  the  oil  by 
tranfinitling  its  hidrogenous  principle  to  the  oily  bafe. 
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XVI. 

# 

22 uc (lion?,  1.  reflecting  the  Place  of  the  erect  Image  behind  a 
Cone  at  e  Speculum;  2.  and  of  the  I  mage  formed  by  a  Concavo- 
convex  Mirror  which  is  not  Lift-handed,  and  has  the  Property 
of  revolving  on  its  Axis  along  with  the  Mirror,  but  twice  as 
fajt;  and  3.  the  Figure  of  the  Sky .  By  a  Correfpondent . 

To  Mr.  NICHOLSON, 

S  I  R, 

J  HAVE  a  general  knowledge  of  the  delightful  fcience  of  Queftions  pro- 
optics,  but  have  no  pretenfions  to  an  intimate  acquaintance  po^‘ 
with  its  depths.  I  have  therefore  prefumed  to  requeft  you  will 
either  give  your  own  fentiments  on  the  following  difficulties, ' 
or  lay  them  before  your  readers,  fome  of  whom  I  hope  will  give 
a  popular  explanation  of  them. 

1 .  We  are  taught  by  all  the  writers  on  vifion  that  the  di fiance  General  ftate- 
of  any  objedl  is  afeertained  from  the  divergence  of  the  rays  mcans^y^which 
from  any  afiumed  point  on  its  furface,  and  that  as  the  fenfe  or  we  infer  the 
judgment  refers  to  the  point  of  divergence,  we  may  have  a  P°^lt:ions  and 
perception  of  an  optical  image  by  reference  to  that  region  or  ble  obje&s. 
part  of  fpace  from  which  the  rays  in  their  lafi  courfe  are  di¬ 
rected,  whether  they  have  in  ablolute  fact  proceeded  from  this 
lafi  point  or  not.  Thus  it  is  that  we  fee  an  image  behind  a  Looking  glafs. 
looking  glafs  though  the  rays  have  never  actually  proceeded 
from  that  image;  but  only  move  in  the  fame  directions  as  if 
they  had  done  fo.  If  the  mirror  be  convex,  the  image  will 
be  nearer  to  its  furface,  hecaufe  the  rays  will  be  more  Mat¬ 
tered  and  divergent,  and  fee m  to  have  come  from  a  nearer 
point.  And  parallel  rays  are  laid  to  come  from  an  object  in¬ 
finitely  diftant. 

J 

Now  Sir,  my  query  refpedting  the  concave  mirror  is  this: —  Phenomena  of 
When  I  hold  my  face  clofe  to  the  furface,  the  image  and  ok-  ^cav^minor. 
je<5t  touch  each  other.  If  I  recede,  the  ereft  image  recedes 
as  the  rays  become  lefs  and  lefs  divergent.  Every  one  knows 
that  when  I  am  at  the  difiance  of  half  the  radius,  the  rays  are 
returned  parallel,  and  confequently  the  image  is  then  infinitely 
difiant.  When  I  move  farther  off,  the  rays  become  conver- 
*  gent,  and  therefore  in  a  certain  fenfe  may  denote  an  image  far¬ 
ther  off  than  at  an  infinite  difiance  ;  but  I  have  no  with  to  dif- 
cufs  this  point.  When  I  am  at  the  center  of  the  fphere  all  is 

con- 
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Apparent  recefs 


the  ere6l  image 
in  a  concave 
mirror. 


Difficulty  flated 
Why  does  the 
image  advance  ? 


confufion,  and  beyond  that  point  I  begin  to  difeern  the  inverted 
image  that  hangs  in  the  air,  and  is  formed  by  the  divergence 
of  the  rays  from  their  focal  interfedtions. 

Such  are  the  fadts,  but  not  the  whole  of  the  fadts.  for  I 
*nd  approach  ot  am  very  furej  that  after  the  firft  receding  of  the  eredt  image, 
li  comes  to  a  place  where  it  is  flationary,  and  then  inftead  ot 
remaining  at  any  fituation  that  may  be  called  an  infinite  or 
more  than  infinite  diftance,  it  comes  forward  again  and  conti- 
nues  to  advance  till  it  is  loft  in  confufion. 

Perhaps  I  may  not  have  exprefied  myfelf  with  all  the  clear- 
W  hy  does  the  nefs  j  qouIJ  witli ;  but  I  think  I  have  (hewn  a  difficulty  and  the 

imaM  advance,  r  J 

reafon  why  it  puzzles  me.  The  true  fcience  of  nature  muft 
be  adequate  to  the  explanation  of  all  phenomena,  or  at  leaft 
it  muft  not  be  contrary  to  any  one  of  them.  What  is  the  fo« 
lution  of  this? 

Optical  mirror  at  2.  There  is  an  optical  mirror  at  Merlin's  Exhibition  in  Han, 
M  ’din's  * 

over-ftreet,  in  which  you  fee  your  face  perpetually  changing 
from  one  diftortion  to  another,  arifing  from  its  greateft  length 
Singular  diftor-  varying  through  all  its  feveral  diameters.  So  that  the  face  be¬ 
comes  abfurdly  long,  crooked,  broad,  &c.  If  you  move  far- 
?nd  revolution  of  ther  off,  the  face  has  its  natural  afpedt,  but  is  feen  turning 
round  its  center  and  fucceftively  aftiiming  the  eredt  and  inverted 
pofitions,  and  every  intermediate  degree  of  obliquity. 

While  thefe  phenomena,  produced  by  an  apparatus  con¬ 
cealed  in  a  box,  employed  my  occafional  refledtions,  I  hap¬ 
pened  to  fee  a  polifhed  metallic  button  in  the  thops,  which 
upon  examination  proves  to  be  a  mirror  of  the  fame  kind  as 
the  larger  one  ufed  at  Merlin’s.  If  it  be  conftdered  in  the  di¬ 
rection  of  one  of  its  diameters,  it  is  a  concave  fpeculum  ;  but 
in  the  direction  of  another  diameter  at  right  angles  to  the  for¬ 
mer,  it  is  convex:  and  the  radius  of  each  curvature  is  about 
one  inch.  It  is  the  lame  figure  as  a  turner  might  produce  in 
the  lathe  by  ufing  a  chizel  with  a  circular  edge  of  one  inch 
radius  to  ftoop  out  a  portion  of  a  revolving  piece  till  its  fraall- 
eft  diameter,  or  calliper,  became  equal  to  two  inches.  Its  ef¬ 
fects  are, 

Pprtlcu’ar  de-  When  the  eye  is  brought  very  near  the  polifhed  furface,  it 
fenpuon  rf  the  appears  elongated  in  the  diredtion  of  the  diameter  or  chord, 

j  mages  produced  '  . 

bv  the  button.  or  (he  epneavit),  and  fhortened  in  the  diameter  at  right  an¬ 
gles  lo  that  diameter,  and  it  the  fpeculum  be  turned  on  its 
Undulation.  jixb,  the  image  is  affected  with  the  ftrange  undulation  before 
mentioned,  and  undergoes  all  the  variations  twice  in  one  re¬ 
volution 


the  image. 


A  poliffied  but¬ 
ton  of  the  fame 
figure. 
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volution  of  tlie  mirror.  But  when  the  eye  is  at  a  confiderable  Small  revolving 
dillance,  a  (mall  perfect  image  is  feen,  which  when  the  diame-  h™nded.n°l  ^ 
ter  of  concavity  is  horizontal,  iseredlbut  not  left  handed ;  that 
is  to  fay,  if  you  move  your  right  hand,  the  image  alfo  moves 
its  right  hand,  inftead  of  the  left,  as  happens  in  a  convex  and 
a  plain  mirror;  w’hen  the  diameter  of  concavity  is  vertical,  the 
image  is  inverted,  but  (till  right  handed  ;  and  in  the  other  po¬ 
rtions  of  the  mirror  it  takes  every  poffible  fituation  of  obli¬ 
quity,  making  two  complete  revolutions  for  one  of  the  mirror 
itfelf.  The  image  is  larger  the  nearer  the  object,  and  the  erect 
image  is  a  little  broader  than  the  inverted  ;  this  deformity  be¬ 
ing  more  confiderable  the  larger  the  image. 

Now  Sir,  my  fimple  queflion  is.  Where  is  this  image  ?  Is  it  Where  is  this 
before  the  mirror,  according  to  the  property  of  the  convex,  or  ©^behind  the* 
behind  it,  according  to  that  of  the  concave.  I  thought  to  mirror, 
have  difcovered  this  by  the  folar  focus,  or  by  applying  a  mag¬ 
nifier  to  the  fmall  image,  but  neither  method  anfwered  my  pur- 
pofe,  and  nothing  within  the  fmall  extent  of  my  knowledge 
has  enabled  me  to  folve  it  by  rea foiling. 

3.  The  enlarged  appearance  of  the  moon  near  the  horizon,  Flatnefs  of  the 
and  the  flat  vault  prefented  by  the  concavity  of  the  heavens,  fly  and  horizon* 
have  been  explained  by  various  allufions  to  the  diminilhed  light 
after  palling  through  a  portion  of  the  atmofphere,  and  its  di- 
rediion  over  a  long  row  of  objedls,  fuch  as  trees,  houfes,  drc. 

Something  feems  to  be  wanting  in  thefe  accounts.  Neither  the 
fun  or  moon  are  ever  fuppofed  to  be  more  diflant  or  larger  when 
feen  at  confiderable  elevations  through  clouds  or  mills ;  and 
the  Iky  feems  flat,  and  thefe  luminaries  enlarged,  whether  the 
profpedt  be  over  woods,  lawns,  naked  plains,  or  the  calm  fea. 

Befides  which,  I  have  nohefitation  in  infilling  that  the  Iky  ap-  Net  .the  fame  at 
pears  loftier  on  fome  days  than  on  others,  and  even  at  the  fame  al*  t’mcs> 
inflant  of  time  on  different  fides.  If  this  be  no  error,  what 
are  the  caufes  of  the  appearance  or  the  convidlion  produced  in 
our  minds  ? 

I  am.  Sir, 

Your  obliged  reader  from  the  firli, 

R.B. 


I  believe  my  correfpondent  would  have  vanquifhed  his  dif¬ 
ficulties,  with  a  little  more  confideration.  If  the  explanation 
be  not  given  by  fome  of  my  correfpondents,  I  fliall  endeavour 

to  give  the  replies  he  requells  in  our  next.  W.  N. 

A  New 
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Preparation  of 
gallic  acid. 


XVII. 

A  New  Method  of  preparing  the  pure  Gallic  Acid. 
By  M.  L.  SCHNAl’BIRT  *. 


A  OUR  ounces  of  finely  powdered  galls  are  infufcd  in  water 
nightly  alkalized  with  potafh  ;  the  infufion  which  is  of  a  very 
deep  colour  is  filtered,  and  a  folution  of  nitrate  of  tin  is 
dropped  into  it,  until  no  more  precipitate  is  formed.  The 
free  acid  of  the  liquid  is  then  faturated  with  potafh,  taking 
care  not  to  add  the  alkali  in  excels,  and  the  precipitate  is 
feparated  by  filtration.  The  filtered  liquid  is  then  precipi¬ 
tated  by  acetite  of  lead,  the  weight  and  concentration  of 
which  is  knowm.  A  greyifh  white  precipitate  is  thus  ob¬ 
tained,  which  is  to  be  digefied  wdth  diluted  fulphuric  acid, 
the  proportion  of  the  acid  contained  in  which,  mufi  be  to  the 
concrete  acetite  of  lead  as  one  to  four.  After  a  fufficient 
d’gefiion,  the  liquid  is  carefully  filtered  and  evaporated,  in 
order  to  afford  cryfials.  If  the  gallic  acid  thus  obtained, 
fhould  contain  a  fmall  quantity  of  fulphuric  acid,  it  may  be 
deprived  of  if  by  digeftion,  with  gallate  of  lead. 

In  order  to  be  certain  of  the  quantity  of  fulphuric  acid 
necefiary  for  the  decompofition  of  a  given  quantity  of  gallate 
of  lead,  I  previoufly  dilTolved  four  ounces  of  acetite  of  lead 
in  fixtecn  ounces  of  water,  and  diluted  one  ounce  of  fulphuric 
acid  in  four  ounces  of  water.  By  mixing  thefe  two  liquids 
to  afford  the  perfect  precipitation,  the  requifite  proportion 
w'as  eafily  found,  I  mutt  here  obferve,  that  it  will  be  better 
to  keep  the  gallic  acid  in  a  liquid  ftate  than  to  reduce  it  to 
cryfials,  becaufe  evaporation  always  renders  it  more  or  lefs 
brown,  I  am  firmly  perfuaded  that  the  gallic  acid  potfefies  the 
property  of  becoming  brown  by  the  action  of  light,  at  leafi, 
if  in  contact  with  the  atmofphere.  For  if  gallic  acid  be  tub- 
limed  perfectly  white,  and  then  dilTolved  in  water,  it  will 
be  found  after  fome  time  to  have  undergone  this  kind  of 
alteration.  M.  Bucholt  has  made  a  fimilar  remark  relative 
to  the  tame  fa£t. 

*  TromfdoifF’s  Journal  dcr  Fharmacie,  vol.  ii.  p.  61. 
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Reward,  of  Twenty  Pounds  for  the  Artificial  Production  qf 

Palladium. 

The  following  is  a  copy  of  a  paper  received  by  me  under 
cover,  by  the  two-penny  port.  It  is  written  in  the  lame  hand 
as  a  note  which  covered  a  Imall  piece  of  the  palladium  mer> 
tinned  to  have  been  received  by  me  laft  Midfummer.  (See 
Philof.  Journal,  June,  1803.  Vol.  v.  p.  136.)  Upon  inquiry, 
I  find,  that  Mrs.  Forfler  has  received  the  fum  of  20 £.  with 
inductions  conformable  to  this  paper.  This  original  is  cut 
indent-wife  on  the  margin,  and  has  part  of  a  manufeript 
fiourilh  or  paraph  on  each  border,  but  no  fignature. 


(COPY.) 


SIR, 


December  16,  1803. 


AS  I  fee  it  faid  in  one  of  your  Journals,  that  the  new  metal  It  is  infixed 
I  have  called  palladium,  is  not  anew  noble  metal,  as  I  have  faid  that  palladium 
it  is,  but  an  impofition  and  a  compound  of  platina  and  quick-  formed  by  artj 
filver,  I  hope  you  will  do  me  jufiice  in  your  next,  and  tell  ^  ** 

your  readers  I  promife  a  reward  of  20 £.  now  in  Mrs.  Fortier's  procefs  to  that 
hands,  to  any  one  that  will  make  only  20  grains  of  real  palla-effe<^> 
dium,  before  any  three  gentlemen  chymifPs  you  pleafe  to 
name,  yourfelf  one  if  you  like. 

That  he  may  have  plenty  of  his  ingredients,  let  him  ufe 
20  times  as  much  quickfilver,  20  times  as  much  platina,  and 
in  fhort  of  any  thing  elfe  he  pleafes  to  ufe:  neither  he  nor  I 
can  make  a  fingle  grain. 

Pray  be  careful  in  trying  what  it  is  he  makes,  for  themiftake 
mud  happen  by  not  trying  it  rightly. 

My  reafon  lor  not  laying  where  it  was  found,  was,  that  I 
might  make  fome  advantage  of  it,  as  I  have  a  right  to  do. 

If  you  think  fit  to  publifh  this,  I  beg  you  to  give  the  names 
of  the  umpires,  as  I  have  dellred  Mrs.  korfter  to  keep  the 
money  till  next  Midfummer,  and  to  deliver  it  only  in  cafe  they 
can  allure  her  that  the  real  metal  is  made  by  a  certificate 
figned  by  you,  and  by  them,  on  this  check. 

I  hope  a  little  bit  of  whatever  is  made  may  be  left  with 
Mrs.  Forller. 


9 
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The  meafure  of 
a  degree  in  Lap- 
land  by  Mauper- 
tuis,  &c.  fufpedt 
ed  of  error. 

.Re-meafured 
lately  by  Swan- 
berg,  &c.  who 
found  it  to  be 
57209  toifes,  or 
390  lefs. 

The  flattening 
of  the  earth 
3.313th. 


Mechain  gone  to 
meafure  a.  tri¬ 
angle  terminat¬ 
ing  at  the  balea- 
ric  illes. 


Letter  from  Lalcinde  on  the  Meafure  of  a  Degree  of  the  Earth 

in  Lapland  * . 

ASTRONOMERS  have  long  fufpefted,  that  there  was 
fome  error  in  the  meafure  of  a  degree  of  the  earth  taken  in 
1736  in  Lapland,  by  Maupertuis,  Lemonnier,  Outhier,  and 
Celfius,  becaufe  this  meafure  was  greater  than  it  ought  to 
have  proved  according  to  all  others.  Mr.  Melanderhielm 
has  had  the  good  fortune  to  obtain  a  repetition  of  this  mea- 
furement.  He  informs  me,  that  Mr.  Swanberg,  and  three 
other  Swedifh  affronomers,  have  found  the  degree  to  meafure 
57209  toifes  in  the  latitude  of  66°  20',  which  are  196  toifes 
lefs  than  by  the  French  meafurement,  and  gives  for  the  flat¬ 
tening  of  the  earth  TJT.  This  agrees  better  with  the  other 
comparifons,  and  Leaches  us,  that  the  figure  of  the  earth  is 
not  fo  irregular  as  was  fuppofed,  from  the  degree  meafured 
in  the  north. 

Mr.  Mechain  fet  off  on  the  26th  of  April  for  Spain,  whi¬ 
ther  he  is  gone  to  meafure  a  triangle  of  93000  toifes,  termi¬ 
nating  at  the  Balearic  iflands,  which  will  complete  the  grand 
and  important  meafurement  of  the  meridian,  executed  a  few 
years  ago  by  Meflrs.  Mechain  and  Delambre.  He  is  ac¬ 
companied  by  Meflrs.  Le  Chevalier  and  Dezauche,  and  his 
youngeft  fon.  This  meafurement  is  very  difficult,  but  no  per- 
fon  is  more  capable  of  furmounting  difficulties  than  Mr.  Me¬ 
chain,  and  we  fliall  have  the  54th  degree  in  the  middle  of  the 
whole  arc  mealured  by  Frenchmen. 


New  metal. 


A  blue  equal  to 
ultramarine. 

Prize  of  gal- 
vanifm  deferred. 


DESCOTILS  has  difeovered  a  new  metal  in  the  ore  of 
platina,  it  is  prefumed  that  palladium  may  be  an  alloy  of  this 
new  metal  with  mercury. 

Thenard  has  difeovered  a  blue  equally  beautiful,  and  as  fine 
as  that  of  lapis  lazuli,  or  ultramarine. 

The  National  Inffitute  has  declared,  that  the  galvanic  prize 
will  not  be  given  this  year. 

Thefe  three  articles  are  from  the  Journal  of  Van.  Mans. 


Journal  de  Ph)fique,  May,  1803,  p.  400. 
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Letter  from  Profejfor  Proust  to  J.  C.  Delametherie  on  a  dan¬ 
gerous  fulminating  Powder  *. 

IN  one  of  my  late  lectures,  I  made  an  experiment  that  Dangerous  ex* 
might  have  been  attended  with  ferious  confequences  to  fome  Periment* 
of  my  auditors. 

It  is,  perhaps,  no  exaggeration  to  fav,  that  the  mixture  of 
^xigenated  muriate  with  arfenic,  takes  fire  with  the  rapidity 
of  lightning. 

I  am  accuftomed  to  compare  the  quicknefs  with  which  Mode  of  corn- 
different  kinds  of  powder  burn,  by  fetting  fire  to  them  in  ^^that  of ' 
cannons  of  equal  diameter,  paffing  each  through  a  piece  of  gun-powder, 
cork  placed  in  water,  fo  as  to  fink  in  it  almofi  their  whole 
length. 

In  this  manner  I  was  defirous  of  burning  the  arfenical  mix-  A  mixture  of 

ture,  by  the  fide  of  an  equal  quantity  of  gun- powder,  in  ^^andarTenic 
order  to  compare  their  flame  and  continuance  ;  but  I  had  burnt  with  the 
fcarcely  time  to  draw  back  a  little  after  fetting  fire  to  the  two  raP)dlty  ot 
cannons,  when  the  firft  exploded  and  burft,  breaking  the  cannon  that  con- 
glafs  veffel,  and  throwing  about  the  water  in  all  the  radii  of tained  rej}dei'- 

°  65  ed  it  quite  flat, 

the  furrounding  fphere.  Though  the  mouth  of  the  tube  and  and  threw  about 

the  efcape  of  the  flame  were  perfectly  free,  the  cannon  was  th^e  ^erflmt 

burft  from  top  to  bottom,  and  fpread  out  as  flat  as  a  card.  -ln  an diredlions. 

This  powder  is  fo  violent  in  its  effedts,  that  I  conceive  it  Its  eft'e&s  are  to  a 

would  be  very  dangerous,  to  attempt  to  make  any  ufeofit.  dangerous  iur 

If  two  long  trains  be  made  on  a  table,  one  of  gun-powder  a  long  train  of 

the  other  of  this  mixture,  and  they  be  in  contadt  with  each  IJ1dlf?.p?ear.s 

i  ,  r  ^  r  \  i  r  ■  ,,  like  lightning, 

other  at  one  end,  lo  as  to  be  fired  at  the  lame  time,  you  will 

fee  with  great  furprize,  that  one  difappears  like  a  flafii  of  light¬ 
ning,  while  the  other  feems  to  burn  with  extreme  fiownefs. 


Letter  from  a  Correspondent  on  the  Expediency  of  converting 
Foreign  Weights  and  Meafures  into  Englijh. 

To  Mr.  NICHOLSON. 

SIR, 

THE  pleafure  which  your  readers  receive  from  the  perufal 
of  your  Journal  is  fo  much  abated  by  the  obfcurity  arifing 
from  the  names  of  the  French  weights  and  meafures,  that  I 

Journal  de  Phyfique,  May,  1803.  p.  394. 

with 
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with  to  fuggetl  to  your  confuieration,  that  a  reduction  of  them 
to  Englith  terms,  would  be  to  you  comparatively  a  fmall  la* 
bour,  in  proportion  to  what  it  would  be  to  the  generality  of 
your  readers  individually. 

Your  labours  tend  to  the  ufeful  purpofe  of  communicating 
fcience  and  general  knowledge  to  the  public  of  this  country* 
To  facilitate  the  acquirement  of  fuch  knowledge,  it  fhould 
be  communicated  in  the  terms  mod  eafily  intelligible  to  the 
people;  not  in  fuch  terms  as  require  algebra,  or  a  procefs  in 
the  Rule  of  Three,  to  give  a  precife  idea  of  every  meafure- 
ment.  As  your  Journal  becomes  more  extenfively  circulated, 
there  arifes  a  Wronger  claim  upon  you  from  the  public,  in 
favour  of  the  many  who  are  too  indolent,  too  bufy,  or  too 
ignorant  to  expound  for  themfelves  this  fpecies  of  hierogly¬ 
phics. 

I  am.  Sir, 

Your  conflant  Reader. 


ANSWER. 

The  rule  propofed  to  be  followed  in  all  our  tranflations, 
though  perhaps  not  precifely,  and  on  every  occafion,  adhered 
to,  is,  that  wherever  the  foreign  denominations  of  weight  or 
meafure  are  mere  indications  of  the  proportional  quantities, 
(and  may  be  confidered  as  pounds,  ounces,  or  grains,  or  as 
yards,  feet,  or  inches  all  through,)  the  original  names  are 
ufed  without  embarrating  the  fubjedt  with  any  reduction  into 
fractional  quantities  :  In  every  other  cafe  the  reduction  is,  or 
ought  to  be  made. 

While  I  exprefs  my  acknowledgments  to  this  reader  for 
his  advice  and  remarks,  I  beg  leave  to  fay,  that  I  heartily 
fubferibe  to  his  opinions  as  to  facilitating  the  communication 
of  knowledge,  by  the  fimpleft  methods.  It  is  my  with  in  the 
fide  notes,  and  by  every  other  means,  to  thorten  the  time, 
and  affift  the  inquiries,  of  tbofe  whofe  other  duties  forbid  the 
indulgence  of  deep  or  continued  refearches. 

W.  N. 
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ACCOUNT  OF  NEW  BOOKS. 

A  Syjlem  of  Theoretical  and  Practical  Chemiftry,  in  Tzco  Volumes  Acc  urn’s  fyftem 
with  Plates.  By  Frederick  Ac  cum,  Teacher  of  Prac-  0t  c^em^ry* 
deal  Chemijhy ,  Pharmacy  and  Mineralogy ,  and  Chemical 
Operator  to  the  Royul  Injlitution  of  Great- Britain.  Odtavo, 

Two  Volumes ,  733.  and  full  Index  and  Contents,  with  Fixe 
Copper  Plates • 


jL  HIS  work  which,  is  dedicated  by  permiffion  to  the  mana¬ 
gers  of  the  Royal  Inftitution,  and  patronized  by  a  very  re- 
fpedtable  lift  of  fubferibers,  is  drawn  up  for  the  ufe  of  fuch 
as  are  unacquainted  with  chemical  fcience.  The  author,  , 
therefore,  begins  by  deferibing  fuch  experiments  as  are  beft 
adapted  to  exhibit  the  general  nature  of  chemical  adtion.  The 
laws  of  affinity,  and  alfo  thofe  which  govern  the  phenomena 
of  heat  and  light,  are  ftated  by  the  method  of  fynthefis, 
and  illuft rated  by  experiment.  And  thefe  are  (ucceeded  by 
the  claffification  of  bodies  ;  namely,  firft  the  principles  un- 
decompofed,  then  the  charadteriftic  properties  of  the  gafes, 
and  thefe  are  fucceeded  by  the  metals,  alcalis,  earths,  Szc. 
The  difplay  of  thefe,  as  to  their  properties  and  habitudes, 
by  an  orderly  combination  of  general  narrative  and  reafoning, 
with  particular  fadts,  experiments  or,  operative  proceffies, 
conftitute  the  bulinefs  of  the  prefent  work,  which  will  doubt- 
lefs  prove  acceptable  to  the  numerous  cultivators  of  the  fcience 
of  chemiftry. 


A  practical  Ejfay  on  the  Analyfis  of  Minerals,  exemplifying  the  Accum’s  analy. 
beji  Methods  of  anulyfing  Ores,  Earths,  Stones,  Inflammable  fis  of  minerals. 
Fojfils,  and  M  ineral  Subjtances  in  general.  By  Frederick 
Ac  cum.  Teacher  of  Practical  Chemijhy,  Pharmacy,  and 
Mineralogy.  London,  \2mo.  1  S3  pages.  1804-. 

THIS  adtive  and  indefatigable  ledturer,  has  been  requefted 
by  his  pupils  and  auditors,  to  draw  up  a  fet  of  concife  direct 
tions,  to  enable  any  perfon  not  intimately  acquainted  with 
analytical  chemiftry,  to  examine  fuch  unknown  minerals  as 
he  may  meet  with,  and  readily  afeertain  their  compofition. 

In 
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In  the  accomplifliment  of  this  object  he  has  exceeded  his 
fir  ft  intention,  and  has  not  only  given  clear,  and  rather  com- 
prehenfive  infiructions  for  analyfing  all  the  different  genera, 
and  principal  fpecies  of  the  bodies  mentioned  in  the  title,  and 
commonly  met  with,  but  has  alio  given  examples  of  analyfis 
of  the  rarer  or  Iefs  abundant  mineral  bodies. 


A  General  Ilijlory  of  Mathematics ,  from  the  carliejl  Times,  to 
the  Middle  of  the  Eighteenth  Century.  Translated  from  the 
French  of  John  Boffut,  Member  of  the  French  National  Injli- 
tute  of  Arts  and  Sciences,  and  of  the  Academies  of  Bologna , 
Peterfburg,  Turin,  SfC.  To  which  is  affixed,  a  Chronological 
Table  of  the  mofi  eminent  Mathematicians.  8r o.  566.  p.  Lon¬ 
don,  1803.  One  Vol.  Octavo. 

THIS  juftiy  efteemed  work  is  well  tranflated  under  the  in* 
fpe&ion  of  Mr.  KonnycafUe,  of  the  Royal  Military  Academy 
at  Woolwich,  who  has  added  an  introductory  Preface,  and  the 
Table  mentioned  in  the  Title  Page. 
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AND 

THE  ARTS. 


FEBRUARY,  1804. 


ARTICLE  I. 

m 

Defcription  of  an  Apparatus ,  bp  which  the  LjfeSt  of  Atmojpheric 
Preffure  in  /applying  Worm-  Tubs  and  other  Vejfels  with  Water 
on  the  Syphon  Principle ,  may  be  j'ecured  againji  any  Interrupt 
tion  to  be  caufed  by  the  extricated  Air .  In  a  Letter  from 
Sir  A.  N.  Edelcrantz,  Counfellor  of  the  Chancery ,  and 
Private  Secretary  to  the  King  of  Szvedcn,  Member  of  the 
Swedifi  Academy ,  fc.  fyc. 

To  Mr.  NICHOLSON, 

MY  DEAR  SIR, 

On  my  late  return  from  an  agricultural  tour  in  Scotland,  I  Introdu&ions 
find  you  have  in  your  excellent  Journal,  honoured  me  with 
the  mention  of  fome  ideas  of  mine,  refpeCting  the  applica-  vours  to  fuppl y 
tion  of  fyphons  to'  raife  water,  with  lefs  expence  than  ufual,  worm-tubs,  &c. 
for  coolers  in  diftilJeries,  condenfers  of  fteam-engmC's,  &c.  the  a&ion  of  the 
The  ufe  of  fyphons  is  fo  well  and  fo  generally  underftood,  (yPhon* 
that  though  the  moll  obvious  things  do  not  always  prefent 
themfelves  tirft  to  the  mind,  it  would  have- been  furprizing  if 
the  fame  notion  had  not  likewife  occurcd  to  others.  In  fact, 
t  have  fince  learned,  that  a  perfon  in  America,  more  than 
twenty  years  ago,  obtained  a  patent  for  uhng  the  lyphon  to  cool 
the  worm-pipes  in  diftilleries,  and  though  I  neither  know  his 
name,  nor  the  fpecification  of  his  invention,  I  prefume  it  to 
Vql.  VIL—February,  1804,,  G  be 
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be  fimilar  to  what  I  have  propofed.  In  addition  to  which, 
the  ingenious  contrivance  of  Mr.  Howard,  publifhed  in  a 
later  number  of  your  Journal,  is  alfo  founded  upon  the  lame 
hydroftatical  laws.  But  whatever  may  be  the  cafe  in  reipeft 
to  theory,  no  practical  ufe  feems  vet  to  have  bewn  made  ot  it, 
owing  mod  probably  to  unforefeen  difficulties  in  the  execution. 

The  principal  of  thefe,  in  my  opinion,  as  was  mentioned 
in  the  former  memoir  upon  this  fubjed,  is  the  extrication  ot 
air  from  the  water  contained  in  the  cooling  veffel  ;  which  air 
being  expanded,  partly  by  its  own  eladicity  under  a  diminiffied 
prefiure,  and  partly  by  the  heat,  is  accumulated  in  the  upper 
part  of  the  cooler,  and  interrupts  the  two  columns  of  the 
fyphon,  fo  as  at  lad  to  flop  the  motion  entirely.  For  though 
it  may  poffibly  happen,  by  the  negligence  of  workmen,  that 
the  worm  itfelf  may  not  be  fufficiently  found  to  exclude  the 
external  air  prelfing  into  the  cavity,  and  introducing  itfelf 
that  way  into  the  cooler,  as  is  dated  in  the  experiment  ot 
Mr.  Howard;  yeti  am  perfuaded  that  in  mod  indances,  this 
caufe  may  be  taken  for  the  real  one,  in  dead  of  the  former, 
which  can  never  fail  to  act  in  proportion  to  the  perpendicular 
height  of  the  cooler,  and  the  heat  communicated  by  the  worm. 
As  it  is  impodible  to  obferve  by  what  adual  means  the  air  is 
produced,  unlels  the  whole  apparatus  were  of  glafs,  fuch  a 
midake  may  eafily  be  made.  In  fu6t,  if  metallic  pipes  could 
not  be  made  air-tight,  even  in  a  bended  form,  the  exhaudions 
in  air-pumps  and  dill  more  in  great  condenfations  *  would  be 
attended  with  almoft  infuperable  difficulties. 

For  extracting  the  air  difeng2ged  from  the  water  it  fell, 
during  the  action  of  the  fyphon,  which  in  a  few  hours  time 
would  necefiarily  interrupt  its  motion,  1  have  employed  a  lew 
hours  of  leifure  condructing  the  following  means,  which  I 
beg  leave.  Sir,  to  communicate  to  you  ;  without  pretending 
to  claim  a  greater  portion  of  your  attention  than  their  remote 
ulility  may  appear  to  deferve. 

*  In  the  experiments  I  made  fome  years  ago,  with  an  apparatus 
conltiu6ted  for  condenfing  different  gafes  and  for  producing  a  Jlronger 
artificial  coldy  than  by  any  means  employed  beforey  I  comprefled  air  in 
brafs  pipes  more  than  to  of  its  original  volume,  which  if  we 
fuppofe  the  cooler  to  be  15  feet  high,  is  more  than  50  times  the  dif¬ 
ference  between  the  external  and  internal  prefiure  of  air  in  the 
cooling  worm  of  the  new  apparatus, 
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On  the  top  of  the  cooling  veffel  A,  Fig.  1.  Plate  V.  let  a  A  veffel  filled 

fm all  vetTel  B,  called  the  air-veffel,  be  placed,  communicating  Wlth  water,  with 

with  A  by  a  cock.  With  the  top  of  B  let  another  veffel  C,  and  another  at 

called  the  zvater-veffel  be  connected,  having  a  cock  C.  Thefe  bo”om>  \s  con* 

,  .  ,,  ,  &  ..  ,  .  nested  with  the 

cocks  have  two  parallel  openings  each,  one  lor  letting  out  air,  upper  part  of  the 

the  other  for  letting  in  water  at  the  fame  time  to  take  its  worm-tub. 

place.  Suppofe  thefe  three  veffels  to  be  filled  with  water  ^ck  only^s^61, 

and  the  fyphon  in  adtion,  the  cock  B  open  and  C  Unit ;  then  opened  the  ex- 

all  the  air  produced  in  the  cooler  will  rife  through  Band  fill  ^ 

the  air-veffel;  and  in  the  mean  time  the  water  will  defeend.  water  defeends. 

The  air-veffel  being  filled  with  air,  let  the  cock  B  be  fhut,  ^Vhen  tbe  .uPPer 

and  C  opened;  then  the  water  from  C  will  defeend,  and  the  opened,  the  air 

air  will  efcape  into  the  atmofphere.  By  this  alternate  motion  elflPes>  and 
,  /  ,  .  ,.r  r  ....  .  ,  other  water  fills 

or  the  cocks,  the  air  dilengaged  within  the  worm-tubs  will  in  from  above. 

be  continually  extradted,  as  long  as  any  water  remains  in  C. 

The  principal  objedt  then  mull:  be  firft  to  fupply  the  water  The  upper  water 

in  C,  either  bv  manual  labour,  or  by  a  part  of  the  mechanical  mu.ft  be  iuppuea; 

force  employed  to  fill  the  artificial  refervoir  for  the  lower  muft  work  with- 

branch  of  the  fyphon;  and  fecondly,  to  diredt  the  alternative  out  attenclance<’ 

opening  of  the  cocks,  by  a  felf-regulating  mechanilm  ;  which 

may  be  effected  in  the  following  manner. 

Fig.  2.  Plate  VI.  reprefents  a  fedtion  of  the  air-veffel  B,  The  cocks  are 

B  is  the  air  and  water-cock,  communicating  with  the  worm-  goir  which 

tub  or  cooler  below.  A  is  the  other  cock  for  the  fame  when  at  loweffc 

purpofe,  communicating  with  the  water- veffel  C.  A  and  B  ^d^enVth^ 

being  connected  by  a  metallic  rod  K  L,  their  motions  are  fimul-  upper  cock;  and 

taneous,  and  the  perforations  are  fo  placed,  that  when  the  'vhe?  at 

'  r ,  ,  .  ‘  ,  .  ,  does  the  con- 

two  holes  of  one  cock  are  open,  thofe  or  the  other  are  always  trary<  The 

(hut.  E  is  a  ball  of  lead  or  other  weight,  fixed  on  the  lever  aft,°n  is  made 

G  U,  connected  with  the  quadrant  F  G,  and  the  lever  G  H,  tumbUng  weight,' 

the  whole  turning  through  one  quarter  of  a  circle  round  the 

centre  U  ;  mn  is  a  part  of  a  cog-wheel  fixed  to  and  Hiding 

along  the  quadrant  G  F,  adding  upon  the  teeth  of  the  cock 

A,  and  forcing  it,  together  with  the  cock  B,  one  way  or  the 

other,  as  itfelf  is  moved  by  the  levers  U  F  or  U  G,  either  in 

the  direction  from  F  to  G,  or  from  G  to  F.  This  alternate 

motion  is  produced  by  the  floater  POQR,  (of  which  apian 

on  a  diminifhed  fcale,  is  reprefented  in  Fig.  3.)  having  in  its 

middle  and  hollow  part  a  kind  of  fork  O,  through  which 

patfes  the  metallic  rod  H  I,  connedted  with  the  lever  H  F,  at 

the  end  of  the  quadrant  G  F.  This  floater  in  its  afcenfion 

G  2  lifts 
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lifts  the  little  ball  H  at  the  end  of  the  lever,  and  consequently 
the  weight  E  ;  and  in  defcending  it  afh  upon  the  ball  I,  ainl 
forces  the  weight  E  in  the  contrary  direction.  A  tide  view 
of  this  apparatus  is  prefented  in  Fig.  4.  where  the  double 
openings  in  the  cocks  A,  B,  and  the  manner  of  fixing  the 
weight  E  with  its  levers,  are  more  diflin6lly  Seen. 

In  I'ig.  2.  the  air-veflel  is  fuppofed  half  filled  with  air 
franfmitted  from  the  cooler.  The  cock  B  is  fhut,  and  the 
cock  A  open,  admitting  water  in  place  of  the  air.  The  floater 
is  afee  nding,  and  when  the  fork  O  touches  the  ball  H,  the 
weight  E  is  lifted,  (he  quadrant  begins  to  move  from  E  to  G, 
but  the  Hiding  part  mn  remains  in  its  place  till  the  weight  E, 
having  paffed  the  perpendicular  and  falling  over  the  other 
tide,  brings  the  point  F  in  contact  with  ??,  and  forces  at  once 
both  cocks  in  the  contrary  dire£tion  ;  by  which  A  being  fliut 
and  B  open,  the  air  from  the  cooler  rifes,  and  the  water 
defeends.  The  floater  confequently  finks  till  it  prefles  upon 
I,  drawing  the  weight  E  in  its  firft  fituation,  and  turning  the 
cocks  again.  This  procefs  will  evidently  continue  to  al¬ 
ternate. 

Every  mechanical  reader  will  fee  the  neceffity  of.  turning 
the  cocks  in  this  apparatus  by  a  fudden  Stroke.  For  if  the 
floater  were  to  act  direftly  and  conftantly  upon  them ;  there 
would  be  a  certain  moment  when  both  would  be  fliut,  and 
confequently  the  motion  would  ceafe. 

Inflead  of  the  Aider  mn,  the  fame  efle<5t  may  be  produced 
by  two  chains,  (Fig.  5.)  on  the  ends  of  the  levers  F  G,  con¬ 
noted  with  the  cock  A  ;  the  other  apparatus  remaining  as 
deferibed  above.  This  method  may  even  in  fome  refpets  ap¬ 
pear  more  Ample  ;  but  I  have  deferibed  the  other  partly  be- 
caufe  I  apprehend  the  contrivance  to  be  new,  and  partly  be- 
cauSe  the  ufe  of  chains  may  in  fome  cafes  be  liable  to  ob- 
jetions. 

But  I  cannot  avoid  remarking  that  the  moft  Ample  means  of 
all,  and  perhaps  the  befl,  on  a  fmall  fcale,  would  be  an  air- 
pump  Axed  on  the  top  of  the  cooler,  and  connected  with  the 
pump  that  fupplies  the  artificial  refervoir.  And  though  the 
to  ee  required  for  extracting  the  ratified  air,  muA  be  in  pro¬ 
portion  to  the  perpendicular  height  of  the  fyphon;  yet  it 
cannot  be  more  than  what  is  required  to  ratfe  a  quantity  of 
WidcCr  necef.iirv  to  fiji  the  place  of  the  air,  as  in  the  former 
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apparatus.  When  it  has  been  found  by  experiments,  how 
much  air  is  extricated  from  a  given  quantity  of  water,  running 
with  a  known  velocity,  under  a  given  diminution  of  preflure 
and  heat ;  the  fize  and  power  of  the  air-pumps  may  be  deter¬ 
mined  fo  as  to  a£t  with  full  advantage,  as  long  as  tliefe  cir- 
cumftances  remain  unvaried.  But  if  they  happen  to  change, 
the  air-pump  will  either  work  too  much,  and  expend  an  un- 
neceftary  force,  by  extrafting  water  alter  the  air  is  exhaufted  ; 
or  too  little,  by  extracting  the  air  more  flowly  than  it  is  pro¬ 
duced.  On  the  contrary,  it  feems  that  the  floater,  if  the 
veflels  and  cocks  be  of  fuflicient  fize,  can  never  deliver  more 
or  lefs  than  is  exadily  required. 

This  confideration,  as  well  .'as  the  poflibility  of  a  conftant  out  would 
tupply  of  water  for  fmall  veflels,  without  any  pumping  at  all,  heav^on^a  fmal 
may  in  many  cafes  allow  the  fir  ft  apparatus  to  be  ufed  with  apparatus, 
advantage,  and  even  render  it  preferable,  efpeciallv  in  elevated 
fyphons  and  great  rarefa&ions,  as  moft  commonly  occur  in 
pra£tice,  when  it  w'ould  not  only  be  very  difficulty  to  keep 
the  air-pump  tight  without  great  fridlion,  but  a  quantity  of 
vapour  from  the  heated  fluid  would  be  expanded.  This  in- 
creafes  the  difficulty  of  the  air-pump,  but  in  the  other  con¬ 
trivance  it  is  partly  condenfed  by  the  cold  water  in  the  air- 
veflel  trough,  which  it  is  obliged  to  pafs. 

I  am  with  great  efteem,  My  dear  Sir, 

Your  obedient  humble  Servant, 

.  A.  N.  EDELCRANTZ. 


II. 

Enquiries  concerning  the  Nature  of  a  Metallic  Subjlance  lately 
fold  in  London  as  a  new  Metalt  under  the  title  of  Palladium . 

Ay  Richard  Chenevix,  Esq.  F.  R.  S.  and  M.  R.  1 .  A.  * 

ON  the  29th  of  April  I  learned,  by  a  printed  notice  f  fent  Annouuee  of  * 
to  Mr.  Knox,  that  a  fubftance,  which  was  announced  as  a  new  metal  ^ 

metal, 

*  From  the  Philof.  Tranf.  1803. 

•f  i(  Palladium,  or  newfllvcr,  has  tliefe  properties  amongft  others 
“  that  fhew  it  to  be  a  new  noble  metal. 

1.  It  diflolves  in  pure  fpirit  of  nitre,  and  makes  a  dark-red 
{i  folution.  2.  Green  vitriol  throws  it  down  in  the  ftate  of  a  re- 

t(  Zulus  from  this  folution,  as  it  always  does  gold  from  aqua  regia. 

3.  It 
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metal,  was  to  be  fold  at  Mr.  Forfler’s,  in  Gerrard-fireet. 
The  mode  adopted  to  make  known  a  difeovery  of  fo  much 
importance,  without  the  name  of  any  creditable  perfon  except 
the  vender,  appeared  to  me  unufual  in  feience,  and  was  not 
calculated  to  infpire  confidence.  It  was  therefore  with  a  view 
to  deleft  what  I  conceived  to  be  an  impofition,  that  I  pro¬ 
cured  a  fpecimen,  and  undertook  fome  experiments  to  learn 
it  properties  and  nature. 

I  had  not  proceeded  very  far,  when  I  perceived  that  the 
eflefts  produced  by  this  fubflance,  upon  the  various  tells, 
were  fuch  as  could  not  be  referred,  in  toto,  to  any  of  the 
known  metallicfubflanccs.  I  immediatelyreturnedto  Mr.  Forfler, 
and  became  poflefled  of  the  whole  quantity  which  had  been 
left  in  his  hands  for  fale.  I  could  not  obtain  any  information 
as  to  its  natural  date,  or  any  trace  that  might  lead  to  a  pro¬ 
bable  conjecture. 

The  fubflance  had  been  worked  by  art :  it  had  been  rolled 
out  in  flatting-mills ;  and  was  offered  for  fale  in  fpecimens 
confiding  of  thin  laminae.  The  largetl  of  (hem  were  about 
three  inches  in  length,  and  half  an  inch  in  breadth,  weighing 
on  the  average  25  grs.  and  were  fold  for  one  guinea.  The 
other  laminae  were  fmaller,  in  proportion  to  the  price. 

Subjected  to  the  fame  treatment  as  platina,  to  procure  a 
polidied  furface,  palladium  aflumed  an  appearance  fcarcely  to 
be  didinguifhed  from  that  metal.  The  laminae  were  not  very 
cladic,  but  were  very  flexible,  and  could  be  bent  feveral  times 
in  oppofite  directions  without  breaking.  The  (pecific  gravity, 
I  found  to  differ  not  a  little  from  that  which  is  flated  in  the 
printed  notice,  and  to  vary  confiderably  in  different  fpecimens, 
Some  pieces  of  this  fubflance  were  as  low  as  10,972,  while 
others  gave  11,4-82. 

ie  3.  If  you  evaporate  the  folution,  you  get  a  red  calx  that  dilfolves 
“  in  fpirit  of  fait  or  other  acids.  4.  It  is  thrown  down  by  quick- 
<c  filver,  and  by  all  the  metals  but  gold,  platina,  and  fdver.  5.  Its 
<£  fpecific  gravity  by  hammering,  was  only  11.3;  but  by  flatting, 
t(  as  much  as  11.8.  6.  In  a  common  fire  the  face  of  it  tarnilhes 

<(  a  little,  and  turns  blue,  but  comes  bright  again,  like  other  noble 
il  metals,  on  being  ftronger  heated.  7.  The  greateft  heat  of  a 
t(  blackfinith’s  fire  would  hardly  melt  it;  8.  But  if  you  touch  it, 
“  while  hot,  with  a  fmall  bit  of  fulphur,  it  runs  as  eafily  as  zinc. 

“  It  is  fold  only  by  Mr.  Forfter,  at  No.  26,  Gerrard-ftreet, 

“  Soho,  London ;  in  famples  of  five  fhillings,  half  a  guinea,  and 
f(  cne  guinea  each,” 
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The  eflbdls  of  galvanic  electricity  upon  palladium,  were  the  Galvanic  effeas, 
fame  as  upon  gold  and  filver.  No  oxidizement  of  the  fubftance  as  Sold  or  ^ivcr* 
took  place;  but  oxigen  gas  was  emitted ;  during  the  whole 
time  it  formed  a  part  of  the  galvanic  circle  in  action. 

A  lamina  of  this  fubftance  being  expofed  to  the  blowpipe.  Became  blue 
the  fide  removed  from  the  immediate  a&ion  of  the  flame  be- il0m  heat* 
came  blue;  but  the  temperature  at  which  this  colour  was 
produced,  exceeded  that  at  which  fteel  begins  to  lofe  the 
tinge  it  had  received  at  a  lower  heat. 

I  expoled  palladium,  in  an  open  veftel,  to  a  greater  degree  No  oxidizement 
of  heat  than  that  which  can  melt  gold.  No  oxidizement  ^  ||rong  ^cat# 
enlued;  and,  although  the  metallic  flip  was  extremely  thin,  difficult thant 
no  appearance  of  fufion  took  place,  even  at  the  edges  or  thatof  gold* 
corners.  Upon  increafing  the  Are  confiderably,  I  obtained 
a  melted  button ;  but  I  cannot  eftimate  the  degree  at  which 
the  fufion  was  effected. 

The  button,  by  this  treatment,  had  loft  a  little  of  its  abfolute  Fufed  button 
weight ;  but  its  fpeciflc  gravity  had  increafed  from  10,972  f°  mor^enfe^** 

1 1 ,87  1 .  It  was  of  a  grayifh-white.  Its  hardnefs  was  rather  harder  than  iron, 
fuperior  to  that  of  wrought  iron.  By  the  file,  it  acquired  the  malle?kle,  frac- 
colour  and  brilliancy  ot  platina.  It  was  malleable  to  a  great  crvftaliiaed. 
degree.  Its  fra&ure  was  fibrous,  and  in  diverging  ftriae,  which 
feemed  to  be  compofed  of  cryftals;  the  furface  of  the  button 
alfo,  when  feen  through  a  lens,  appeared  to  be  cryftallized. 

Palladium  very  readily  combines  with  fulphur.  I  expofed  Combines  and 
a  certain  quantity  of  it  to  a  violent  heat,  without  being  able  ignl* 

to  melt  it ;  and,  at  that  elevated  temperature,  threw  fome  tion.  Sulphured 
fulphur  upon  it.  It  immediately  entered  into  fufion,  and  and  vcr^ 
remained  in  that  Pate  until  the  rednefs  of  the  crucible  was 
hardly  vifible  in  the  daylight.  The  increafe  of  weight  in  the 
button  of  the  fulphuret,  was  fuch  as  could  not  indicate  with 
exadlnefs  the  proportion  of  fulphur  combined  with  it;  and  I 
was  fo  limited  in  the  quantity  of  palladium  I  could  obtain  on 
any  terms,  that  I  thought  it  prudent  to  referve  as  much  as 
poflible  for  the  inveftigation  of  more  important  properties. 

Sulphuret  of  palladium  is  rather  whiter  than  the  fubftance  itfelf, 
and  is  extremely  brittle. 

Palladium,  melted  in  a  charcoal  crucible,  and  kept  in  fufion  Continued 
for  fifteen  minutes,  did  not  acquire  any  properties  different  ^fion  °f  palla- 
from  thofe  which  I  have  already  mentioned,  inlpeaking  of  the  coai .  change, 

effect 


ss 


Alloy.  Palla¬ 
dium  and  gold  ; 
gray  and  lefs 
du&ile. 


palladium  and 
platiiia;  denier, 
lefs  malleable. 


JPailadium  and 
fiiver  :  whiter. 


palladium  and 
copper :  harder 
dull  colour. 


Palladium  and 
lead:  more  fufi- 
lle,  gray,  clofe 
grained,  and 
hard  and  brittle. 


Palladium  and 
tin  :  grayilh, 
brittle,  compaft. 

Palladium  and 
bifmuth  ;  gray, 
very  hard  and 
brittle. 


P  i’:adi  ...t,  and 

Palladium 
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effect  of  heat  upon  that  fubflance.  Hence  vve  may  conclude, 
that  there  is  not  any  adVion  between  charcoal  and  palladium. 

I  put  equal  parts  of  palladium  and  gold  into  a  crucible,  for 
the  purpofe  of  forming  an  alloy.  The  refult,  owing  to  an  acci¬ 
dent,  did  not  weigh  fo  much  as  the  fum  of  the  quantities  em¬ 
ployed;  therefore,  the  proportions  in  this  alloy  were  uncertain. 
Its  colour  was  gray ;  its  hardnefs  about  equal  to  that  of  wrought 
iron.  It  yielded  to  the  hammer;  but  was  lefs  dudtile  than 
each  metal  feparate,  and  broke  by  repeated  percufiion’s.  Its 
fradlure  wascoarfe-grained,  and  bore  marks  of  cryftallization. 
Its  fpecific  gravity  was  1 1,079. 

Equal  parts  of  platina  and  palladium,  entered  into  a  fution  at 
a  heat  not  much  fuperior  to  that  which  was  capable  of  fufing 
palladium  alone.  In  colour  and  hardnefs,  (his  alloy  refembled 
the  former;  but  it  was  rather  lefs  malleable.  Its  fpecific  gravity, 
I  found  to  be  15,14-1. 

Palladium,  alloyed  with  an  equal  weight  of  fllver,  gave  a 
button  of  the  fame  colour  as  the  preceding  alloys.  This  was 
harder  than  fiver,  but  not  fo  hard  as  wrought  iron  ;  and  its 
polifiied  furface  was  fomewhat  like  platina,  but  whiter.  Its 
fpecific  gravity  was  11,290. 

The  alloy  of  equal  parts  of  palladium  and  copper  was  a 
little  more  yellow  than  any  of  the  preceeding  alloys,  and  broke 
more  eafily.  It  wa^  harder  than  wrought  iron  ;  and,  by  the 
file,  affumed  rather  a  leaden  colour.  Specific  gravity  10,392. 

Lead  increaies  the  fufibility  of  palladium.  An  alloy  of 
thefe  metals,  but  in  unknown  proportions,  was  of  a  gray 
colour,  and  its  fradture  was  fine-grained.  It  was  fuperior  to 
all  the  former  in  hardnefs,  but  yvas  extremely  brittle.  1  found 
its  fpecific  gravity  to  be  12,000. 

Equal  parts  of  palladium  and  tin  gave  a  grayifh  button,  in¬ 
ferior  in  hardnefs  to  wrought  iron,  and  extremely  brittle.  Its 
fradture  was  compadi  and  fine-grained,  specific  gravity  8,175. 

With  an  equal  weight  of  bifmuth,  palladium  gave  a  button 
fiill  more  brittle,  and  nearly  as  bard  as  fteel.  Its  colour  was 

gray;  but,  when  reduced  to  powder,  it  was  much  darker. 

\  ^  % 

Its  fpecific  gravity,  I  found  to  be  12,587. 

Iron,  when  alloyed  with  palladium,  tends  much  to  diminifh 
its  fpecific  gravity,  and  renders  it  brittle.  Arfenic  increafes 
the  fufibility  of  palladium,  and  renders  it  extremely  brittle. 
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From  thefe  experiments,  we  may  form  the  following  table, 
fhewing  the  difference  between  the  true  and  the  calculated 
mean  of  fpecific  gravity  in  the  alloys  of  palladium. 


Metals. 

Proportion. 

Specific  gra¬ 
vity  by  cal¬ 
culation  *. 

Specific  gra¬ 
vity  by  ex¬ 
periment. 

Companion  of 
the  fpecific 

Difference,  gravities  of  thefe 
alloys  with  the 
computed  denfi* 
ties. 

’£ 

T3 

<0 

“Gold  - 

uncertain. 

uncertain. 

i  1,079 

uncertain. 

Platina  - 

equal  parts. 

17,241 

15,141 

—  2,100 

Silver  - 

equal  parts. 

10,996 

1 1 ,290 

,+  ,294 

o 

1 
•  *— « 

TJ 

5 

n 

P* 

Copper 

equal  parts. 

10,176 

10,392 

+  ,216 

Lead  - 

equal  parts. 

uncertain. 

12,000 

uncertain. 

Tin  - 

equal  parts. 

9,340 

» 

8,175 

-1,165 

Bifmuth 

equal  parts. 

10,652 

.  12,587 

-f-  1,935 

I  expofed  ten  grains  of  palladium  to  the  action  of  potafh,  in  Palladium  fufed 
fufiort  during  half  an  hour.  The  fubftance  loft  its  brilliancy*  wdiglit^ar^  txH- 
and  diminifhed  two  grains  and  a  half  in  weight;  thefe  were  liancy. 
found  in  the  potafh. 

The  a6tion  of  foda  upon  palladium,  docs  not  appear  to  be  With  foda. 
quite  fo  violent. 

Ammonia,  allowed  to  remain  for  fome  days  upon  palladium.  Ammonia  in  the 
acquires  a  flight  bluifh  tinge,  and  holds  a  fmall  portion  °^Crmines  oxida". 
oxide  of  palladium  in  folution.  In  all  thefe  cafes,  the  a6hon  tion,  and  rakes 
of  the  alkali  is  promoted  by  the  contaft  of  the  atmofpheric  air,  UP  oxlde* 
the  oxigen  of  which  combines  the  metal,  in  favour  of  the 
affinity  the  oxide  of  palladium  poffeffes  towards  the  alkali. 

\  Some  of  the  pieces  of  palladium  were  more  eafily  acted  upon 
by  the  acids  than  others;  and,  in  general,  thofe  of  thegreatell 
ipecific  gravity  were  the  leaf!  affected.  Upon  the  whole,  how¬ 
ever,  the  following  flatement  may  be  taken  as  the  average  of 
the  habitudes  of  palladium  with  the  acid  folvents. 

*  In  the  fpecific  gravities  of  the  different  metals,  I  have  followed 
the  table  given  in  our  belt  elementary  work,  Dr.  I  homplon’s  Syltem 
of  Chen&iftry, 

'  ‘  ■  •  .  ■  Sulphuric.. 
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Sulphuric  acid 
and  palladium. 
Wcatc  adtion  : 
beautiful  red 
folution. 

Nitric  acid  more 
a&ive;  line  red 
folution. 


Muriatic  acid. 
Red  folution. 

Nitro-muriatic 
acid  is  the  true 
folvent. 


Precipitate  from 
acids  by  alkalis 
or  earths,  fine 
orange  partly  re- 
difiblved. 


I 


Sulphuric  acid,  boiled  upon  palladium,  acquires  a  beautiful 
red  colour,  and  diflolves  a  portion  .of  the  lubftance.  The 
action  of  this  acid  is  itoL  very  powerful,  and,  upon  the  whole, 
it  cannot  be  looked  upon  as  a  good  folvent  for  palladium. 

Nitric  acid  a6ts  with  much  greater  violence  upon  palladium. 
It  oxidizes  the  lubftance  with  fomewhat  more  difficulty  lhan  it 
can  oxidize  filver;  and,  by  diflolving  the  oxide,  forms  a  very 
beautiful  red  folution.  If  the  nitric  acid  be  impregnated  with 
nitrous  gas,  its  adion  upon  palladium  is  much  more  rapid. 

Muriatic  acid,  by  being  boiled  upon  palladium  for  a  confi- 
derable  time,  ads  upon  it,  and  becomes  of  a  beautiful  red. 

JBut  the  true  folventof  palladium  is  nitro-muriaticacid,  which 
attacks  it  with  great  violence,  and  forms  a  beautiful  red 
folution. 

From  all  thefe  acid  folutions  of  palladium,  a  precipitate 
may  be  produced  by  the  alcabs  and  earths.  Thefe  precipitates 
are,  for  the  nioft  part,  of  a  beautiful  orange ;  are  partly  re- 
diffolved  by  home  of  the  alcalis ;  and  the  fupernalant  liquor 
of  the  precipitate  formed  by  ammonia  is  fometimes  of  a  fine 
greenilh  blue.  Sulphate,  nitrate,  and  muriate,  of  potalh,  or 
of  ammonia,  produce  an  orange  precipitate  in  the  falts  of 
palladium,  as  in  thofe  of  platina,  when  not  in  too  dilute 
folution;  and  the  precipitates  from  the  nitrate  of  palladium 
are  in  genera!  of  a  deeper  orange.  All  the  metals,  except 
gold,  platina,  and  filver,  caufe  very  copious  precipitates  in 
folutions  of  palladium.  Recent  muriate  of  tin  produces  a  dark 
orange  or  browm  precipitate  in  neutralized  falts  of  palladium, 
and  is  an  extremely  delicate  teft.  Green  fulphate  of  iron 
precipitates  palladium  in  the  metallic  ftate  ;  and,  if  the  ex¬ 
periment  fucceed,  the  precipitate  is  about  equal  in  weight  to 
the  palladium  employed.  Pruffiate  of  potalh  caufes  an  olive- 
coloured  precipitate  ;  and  water  impregnated  with  fulphuretted 
hidrogen  gas,  a  dark  browm  one.  Fluoric,  arfenic,  phof- 
phoric,  oxalic,  tartaric,  citric,  and  fome  other  acids,  together 
with  their  falts,  precipitate  fome  of  the  folutions  of  palladium, 
and  form  various  combinations  with  this  fubftance. 

Such  are  the  principal  characters  I  have  found  in  palladium, 
examined  as  a  fimple  metallic  body.  It  does  not  appear  that, 
in  Hating  any  of  its  properties,  except  its  fpecific  gravity,  the 
printed  notice  has  been  guilty  of  mifreprefenlation. 
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From  thefe  experiments,  it  would  be  difficult  to  fay  of  what  Cnmparifon  of 

metal,  or  of  what  combination  of  metals,  palladium  conlifts.  b;ldy  Wlth 
,I7.  i,  r  r  11  i  .  the  ocher  known 

We  could  not  luppole  gold  or  platina  to  be  an  ingredient  in  it,  metals* 

as  it  is  in  fome  meafure  aCted  upon  by  fulphuric  and  muriatic 

acids,  and  is  wholly  foluble  in  nitric  acid.  Silver  is  excluded, 

by  the  effect  of  muriatic  acid  upon  its  folutions  ;  as  is  lead,  by 

that  of  the  fulphuric.  Tin,  antimony,  biffnuth,  or  tellurium, 

would  have  left  an  infoluble  redduum  with  nitric  acid.  No 

traces  could  be  found  of  any  of  the  acidifiable  metals  ;  and  iron 

was  looked  for  with  particular  care,  but  in  vain.  In  a  word, 

the  precipitation  by  the  metals,  feerns  to  exclude  all  thofe  of 

eatier  oxidability  than  mercury;  and  this  we  fhould  not  fuppofe 

to  be  prefent,  as  copper  is  not  in  the  lead  whitened,  when 

ufed  to  precipitate  palladium. 

The  driking  dmilarity  of  many  of  the  precipitates  of  palla-  Itrcfembfcs 
dium  with  thofe  of  platina,  induced  me  to  multiply  the  com-  P|,a“lia  1,1  many 
parative  experiments ;  and  I  condantly  obferved  contradictory  tates^ 
facts.  The  l'pecific  gravity,  eafy  fudbility,  combination  with 
fulphur,  precipitation  by  green  fulphate  of  iron  and  by  prufliate 
of  potafh,  together  with  other  effects,  were  fuch  as  I  could  not 
reconcile  to  the  known  characters  of  platina;  unlefs  I  could 
fuppofe  that  a  fubftance  did  exid,  which  could  totally  change 
its  phyfical  and  chemical  properties,  or  fo  difguife  them  as  to 
render  them  proof  againd  the  evidence  of  chemical  re-agents. 

The  lighted  of  the  metals  is  tellurium  ;  yet,  in  order  to  pro¬ 
duce  an  alloy  of  the  fpecific  gravity  of  palladium,  (fuppoling 
for  a  moment  the  real  denfity  of  the  alloy  equal  to  the  calcu¬ 
lated  mean),  it  would  require  two  parts  of  tellurium  and  one 
of  platina;  and  it  is  highly  improbable,  that  fo  large  a  pro¬ 
portion  of  tellurium  could  exid  in  any  mafs,  without  being 
detected.  We  have  been  told  of  very  extraordinary  anomalies 
in  chemical  affinities,  by  Mr.  Berthollet ;  and  Mr.  Hatchett 
has  made  us  acquainted  with  fome,  not  le'fs  extraordinary,  in 
the  properties  of  alloys.  Yet  I  think  we  (hall  ceafe  to  wonder  it  Ua/i  alloy  of 
at  what  has  been  related  by  thefe  chemids,  when  we  learn  tha it^aUna  andmet* 
palladium  is  not,  as  was  fhamefully  announced,  a  new  dmple 
metal,  but  an  alloy  of  platina;  and  that  the  fubdance  which 
can  thus  matk  the  mod  charaCieridic  properties  of  that  metal, 
while  it  lofes  the  greater  number  of  its  own,  is  mercury. 

I  confefs  it  was  not  from  an  analyfls  of  palladium  that  I  was  This  was  fyn- 

fjrd  led  to  this  refuit ;  for  I  had  convinced  myfclf,  by  fynthefis,  thetiealty  dif- 

v  v  v  covered. 

ct 
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Admirable  dif- 
pofal  ot  pla- 
tina  and  mercury 
by  which  they 
wereprefented  to 
each  other  and 
united. — Green 
fulphate  of  iron 
W3ii  added  to  a 
foiucion  of  pla- 
linaj  and  alfo 
to  a  folution  of 
mercury.  No 
precipitate  took 
place  in  either. 

'i  he  compounds 
•were  then  n  ix- 
t:J.  LJlatinaand 
ineicury  fell 
dowp  together. 
The  compound 
was  fufed.  It 
was  palladium. 


Palladium  by  the 
immediate  union 
of  piatina  and 
mercury* 
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of  its  nature,  and  had  formed  the  fubftance,  before  I  could 
devifeany  probable  method  of  afeertaining  its  component  parts. 

In  refledting  upon  the  various  modifications  which  fubftances 
undergo  when  in  union  with  each  other,  and  on  the  variations 
produced  in  the  laws  of  affinity  by  the  intervention  of  new 
bodies,  I  was  induced  to  try  whether  by  the  affinity  of  piatina 
with  fome  metal  ealily  reduced,  it  might  not  happen  that  a 
redudlion  of  both  would  take  place  by  green  fulphate  of  iron, 
although  no  fuch  effect  were  produced  upon  each  metal  when 
leparate.  The  moll  likely  to  fucceed,  as  being  moll  eafily  re¬ 
duced,  after  gold,  piatina,  and  filver,  was  mercury.  I  poured 
fome  folution  of  green  fulphate  of  iron  into  a  fait  of  piatina, 
and  alfo  into  a  fait  of  mercury  ;  no  precipitation  took  place 
1  united  the  two  liquors;  and  a  precipitate  exactly  refembling 
lhat  which  is  formed  by  green  fulphate  of  iron  in  palladium, 
was  inllantly  formed.  1  collected  the  precipitate,  and  expoled 
it  to  a  llrong  heat;  and,  after  repeated  trials,  obtained  a  me¬ 
tallic  button,  not  to  be  diflingui filed  from  pailadium. 

It  certainly  is  one  of  the  mofl  extraordinary  fafts  refpe&ing 
alloys,  t hat  two  metals,  by  their  union  with  each  other,  fhould 
fo  lofe  the  characteriftic  properties  of  each  individually,  that 
neither  of  them  can  be  immediately  detedled  by  the  ufual 
methods.  Nothing  but  an  affinity  of  the  mofl  powerful  order 
could  produce  fuch  effects.  But,  to  place  the  metals  under 
the  molt  favourable  circumftanccs  for  that  affinity  to  exert  its 
influence,  and  to  promote  their  union,  is  not  the  refult  of  com¬ 
mon  methods.  Among  a  great  number  which  I  have  tried, 
many  have  failed,  and  none  have  been  attended  with  uniform 
fuccefs.  I  have,  however,  formed  palladium  by  the  immediate 
union  of  piatina  and  mercury;  and,  as  whatever  may  place  the 
apparent  capricioufnefs  of  this  combination  in  a  confpicuous 
point  of  view  is  not  devoid  of  filtered,  I  fhall  deferibe  the 
means  by  which  I  have  attempted  to  produce  it,  whether  they 
failed,  or  were  attended  with  fuccefs. 


SYNTHETICAL  EXPERIMENTS. 

Exp.  I.  It  was  not  till  after  repeated  trials  of  the  mode 
juft  mentioned,  that  I  fucceeded  in  forming  palladium.  In 
many  inliances,  I  obtained  a  button  completely  melted,  of  the 
fpecific  gravity  ot  13,  and  fometimes  more;  not  fo  eafily  fufed 
by  fulphur  as  palladium ;  not  folubly  in  nitric  acid;  and  the 

abfolute 
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abfolute  weight  of  which  exceeded  that  of  the  platina  originally 
employed.  But,  although  this  fubfiance  was  not  platina,  I 
could  not  fay  it  was  palladium.  The  mod  fuccefsful  experi-  Experiment  x. 
nient  by  this  method,  was  attended  with  the  following  cir-  1 
cumfiances.  I  difTolved  one  hundred  grains  of  platina  in  nitro-  ment  of  for  min 
muriatic  acid,  and  then  put  in  two  hundred  grains  of  red  oxide  Pa,la^IU!n  by  t?1 

.  .  .  i  i  .  °  .  mode  hrft  men- 

ol  mercury,  made  by  nitric  acid;  but  this  not  being  fumcient  tioned. 
to  faturate  the  excefs  of  acid,  I  continued  to  add  more,  until 
it  ceafed  to  be  diflolved.  On  the  other  hand,  I  prepared  fome 
green  fulphate  of  iron,  and  poured  it  into  a  long-necked 
mattrafs.  I  then  poured  the  mixed  folution  of  platina  and 
mercury  into  the  folution  of  green  fulphate  of  iron,  and  heated 
the  whole  upon  a  fand  bath.  In  lefs  than  half  an  hour,  a 
copious  precipitate  was  formed;  and  the  infide  of  the  mattrafs 
was  lined  with  a  thin  metallic  coat.  The  liquor  was  paffed 
through  a  filtre,  which  I  had  weighed  ;  and  the  precipitate, 
after  digeilion  with  muriatic  acid,  was  well  wafhed  and  dried. 

When  I  had  collected  as  much  of  this  as  I  could,  there  re¬ 
mained  upon  the  (litre  12  grains ;  befides  which,  I  had  collect¬ 
ed  26-1,  in  all  276.  The  fupefnatant  liquor  Hill  contained  a 
portion  of  mercury,  and  about  eight  grains  of  platina.  There¬ 
fore,  the  276  were  compofed  of  92  of  platina,  and  184-  of 
mercury.  From  this  it  appears,  that  one  hundred  grains  of 
platina,  can  determine  the  precipitation  of  near  two  hundred 
grains  of  mercury,  by  green  fulphate  of  iron;  and  that,  in  this 
proportion,  there  is  a  reciprocity  of  faturation.  The  264, 
collected  from  the  filtre,  were  expofed  to  a  low  red  heat, 
and  were  reduced  to  144.  The  twelve  of  the  filtre  would  have 
given  about  feven;  therefore,  the  whole  would  have  been  151. 

The  fubftance  was  in  the  form  of  a  fine  powder,  and  had  a 
metallic  lufire.  It  was  then  put  into  a  charcoal  crucible,  and 
fufed  info  a  button.  This  button  weighed  123  grains,  and 
with  the  quantity  left  on  the  fibre,  would  have  weighed  135. 

In  this  135,  there  were  92  of  platina;  therefore  it  was  com-  It  contained 
pofed  of  about  two  parts  of  that  metal  and  one  of  mercury,  about  two  parts 
It  was  of  the  fpecific  gravity  of  11,2;  was  wholly  loluble  in  mercury, 
nitric  acid;  was  eafily  fufed  by  fulphur ;  was  precipitated  by 
green  fulphate  of  iron;  in  a  word,  it  was  not  to  Le  difiinguifh- 
ed  from  palladium. 

Exper.  2.  As  another  mode  of  forming  palladium  in  the  Experiment *. 

humid  way,  I  put  metallic  iron  into  a  mixed  lolution  of  platina  of  pjatjnaani 

and 
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fnfrcury  was  and  mercury.  Both  metals  were  precipitated ;  and  the  pre¬ 
precipitated  by  pitate  was  fubmitted  to  the  lame  treatment  as  in  the  former 
fuccefs  was  lefs  cafe;  bat  the  luccels  was  not  to  complete.  Iron  can  pre- 
comp'efe.  cipitate  either  platina  or  mercury  feparately  ;  but  green  ful- 

phate  of  iron  can  perform  its  fun&ion  only  in  favour  of  the 
affinity  of  platina  and  mercury.  Their  union  is  promoted  by 
itsa&ion;  and  the  effects  are,  in  all  probability,  fimultane- 
ous.  The  combination  of  the  metals  takes  place,  if  I  may  be 
allowed  the  expreffion,  in  their  nafeent  metallic  date,  and  in 
a  fixed  proportion  of  mutual  faturation.  The  union  of  the  two 
metals,  therefore,  is  in  the  prelent  experiment  lefs  intimate, 
and  the  button  which  refults  from  filling  the  precipitate,  is  of 
much  greater  denfity. 

Exp.  3.  Zinc  Exper.  3.  The  fame  procefs  was  repeated,  only  ufing  zinc 
incomplete.4111*  jn^tea<^  of  iron,  but  the  refult  was  not  more  fatisfadtory. 

Exp.  4.  Mer-  Exper.  4.  I  poured  fome  mercury  into  a  folution  of  platina, 
folution^of  pla  and  heated  them  together  for  fome  time.  A  precipitate  took 
tina.  place;  but,  upon  fufing  it  into  a  button,  I  did  not  find  it  to  be 

Incomplete.  pajIad 

iu  in. 

Exp.  5.  Mixed  Exper.  5.  I  dilTolved  the  fame  quantities  of  platina  and  mcr- 
lolutions  or  P-a-  Cui*y  as  in  Exper.  1,  in  nitro-muriatic  acid,  and  evaporated 

TinE  cind  mercury  ■*  *  * 

evaporated  and  thofe  folutions  together.  I  then  volatilized  as  much  as  I  could 

of  the  mercury,  at  a  red  heat.  At  the  end  of  the  operation, 
I  obtained  precifely  my  original  quantity  of  platina,  reduced 
to  the  metallic  ftate;  but  not  one  particle  of  the  mercury  re¬ 
mained  along  with  it. 

Exp.  6,  7.  Exper.  6  and  7.  The  fame  quantities  of  platina  and  mer- 

Tlatina  and  mer- c  diffiolved  in  nitro-muriatic  acid,  were  precipitated  by 

by  phofphate of  phofphate  of  ammonia;  and  the  liquor  was  evaporated.  The 
— -  No  refiduum,  in  a  glafly  fiate,  was  expofed  to  a  violent  heat  in  a 
charcoal  crucible;  and  I  obtained  a  melted  button,  which 
weighed  more  than  the  original  quantity  of  platina,  and  was 
of  the  fpecific  gravity  of  14,5.  On  account  of  the  eafy  fufi- 
Phofphuret  of  bility  of  phofphuret  of  platina,  I  likewife  tried  to  combine  it 
platma.  dire6tly  with  mercury,  but  could  not  fucceed. 

Exp.  8.  Platina  Exper.  3.  I  precipitated  a  mixed  folution  of  platina  and 

p r e c ip  ir  at ed \ y  niercur.y>  by  a  current  of  fulphuretted  hydrogen  gas ;  and  re- 
iulphuretted  hi-  duced  the  infoluble  powder.  After  many  attempts,  in  which 

inftaiMe  p!;^a°ne  ^  obtained  buttons  of  the  fpecific  gravity  of  14,3  and  14,5,  I 
dium.  formed  a  piece  weighing  1 1  grains,  of  the  fpecific  gravity  of 

•  ,  4  11,5.  This 


ignited.  The 
mercury  flew 
off. 
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11,5.  This  lad  was  palladium;  but  I  could  not  afcertain  the 
excefs  of  weight,  as  a  part  of  the  original  precipitate  had  been 
loft. 

Exp.  9.  I  mixed  a  folution  of  muriate  of  platina  with 
prudiate  of  mercury,  and  obtained  a  flight  precipitate.  The 
liquor  was  evaporated,  and  the  whole  reflduum  expoled  to  a 
violent  heat.  This  experiment  did  not  lucceed.  It  was  not 
repeated  fo  often  as  the  others ;  but  I  have  fome  reafon  to  think 
it  might  be  attended  with  fuccefs ;  for  I  obtained,  in  one  in- 
flance,  a  few  very  minute,  grains,  that  were  foluble  in  nitric 
acid , 

Exp.  10.  I  heated  fome  purified  platina,  in  the  form  of  a 
very  fine  powder,  with  ten  times  its  weight  of  mercury,  and 
rubbed  them  together  for  a  long  time.  The  refult  was,  an 
amalgam  of  platina.  This  amalgam,  expofed  to  a  violent 
heat,  loll  all  the  mercury  it  had  contained ;  and  the  original 
weight  of  the  platina  remained  without  increale. 

Exp.  11.  The  befi:  method  of  forming  an  amalgam  of 
platina,  is  that  prefcribed  by  Count  Muffin  Pufhkin.  I  dif- 
folved  a  known  quantity  of  platina  in  nitro-muriatic  acid, 
precipitated  by  ammonia,  and  evaporated  the  liquor.  The 
reflduum  was  rubbed  for  a  long  time  with  a  great  quantity 
of  mercury,  and  then  expofed  to  a  violent  heat.  Many 
operations  failed  ;  in  fome,  I  had  a  button  of  the  fpecific 
gravity  of  13,2.  In  one  attempt,  I  fucceeded  completely; 
from  30  grs.  of  platina,  treated  as  above,  I  obtained  a  button 
weighing  43,5,  of  the  fpecific  gravity  of  1  1,7  36,  which  had 
all  the  properties  of  palladium. 

Exp.  12.  I  fuled  together,  in  a  charcoal  crucible,  100  grs. 
of  platina,  200  of  cinnabar,  100  of  lime,  and  400  of  calcined 
borax;  and  obtained  a  button,  which  weighed  more  than 
the  platina,  and  was  of  the  fpecific  gravity  of  15,7.  It  was 
not  foluble  in  nitric  acid;  but  combined  with  lulphur,  at  a 
red  heat. 

Exp.  13.  In  fome  experiments  I  had  made,  I  found  that 
the  furnace  in  which  I  formed  thefe  alloys,  was  capable  of 
melting  platina,  without  the  affiflance  of  any  flux  except 
calcined  borax.  I  therefore  urged  100  grs.  of  platina,  at  a 
very  flrong  heat  ;  and,  when  I  judged  the  fire  to  have  attain¬ 
ed  its  greateft  intenfity,  I  poured  mercury  upon  the  platina, 
through  a  long  earthen  tube  that  terminated  in  the  crucible, 
o  and 


Exp.  9.  Muriate 

of  platina  and 
prulliate  of  mer¬ 
cury.  Evapora- 
tion  and  flrong 
heat.  Partial 
fuccefs. 


Exp.  jo.  Amal¬ 
gam  platina  and 
mercury.  Heat 
drove  off'  the 
mercury. 


Exp  xi.  Count 
Muhin  Pufh- 
kin’s  amalgam 
of  platina  heated 
gave  palladium 
in  one  attempt. 


Exp.  12.  Pla¬ 
tina,  Ginnabar, 
lime  and  borax 
ful'ed. 


Exp.  13.  Pla¬ 
tina  fufed  and 
mercury  thrown 
in.  No  effect. 
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Exp.  74.  Mef- 
c u-y  in  vapour 
palled  over  ig¬ 
nited  platina. 

No  effedt. 


Exp.  T5.  Pla- 
tina  wire  plung¬ 
ed  in  mercury 
and  heated  by 
galvanifm. 

Little  effeft. 


Remarks.  Dif- 
fofing  affinities 
and  aiTimilation. 


The  platina  al¬ 
ways  acquired 
weight  when  its 
properties  were 
thus  changed. 

Mercury  was 
indilpenfable. 
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and  immediately  withdrew  the  apparatus  from  the  fire.  No 
fenfible  vnion  of  the  metals  had  taken  place;  nor  had  the 
platina  increafed  in  weight. 

Exp.  IT  I  put  100  grains  of  platina  into  an  earthen  tube, 
and  placed  the  tube  horizontally  in  the  above  furnace.  At 
one  end  of  it  was  a  retort,  containing  2lbs.  of  mercury. 
When  the  tube  was  at  itsgreateft  heat,  the  mercury  was  made 
to  boil ;  and  the  entire  quantity  palled  over  the  furface  ot  the 
platina,  at  that  temperature.  The  experiment  lafied  one  hour 
and  a  half;  but  the  metals  did  not  feem  to  have  combined. 

Exp.  15.  Mr.  Pepys  was  fo  obliging  as  to  trv  the  effect  of 
his  very  powerful  galvanic  battery,  in  forming  palladium.  A 
piece  of  platina-wire  was  plunged  into  a  baton  of  mercury* 
and  formed  part  of  a  galvanic  circle.  The  wire  was  nearly  in 
fufion;  but  no  combination  feemed  to  take  place.  The  nature 
of  this  experiment  did  not  allow  of  very  accurate  weighing; 
but  the  fufed  globules  of  platina  did  not  appear  to  have  ac¬ 
quired  the  properties  that  confiitute  palladium. 

Such  are  the  experiments,  by  which  I  attempted  to  form 
palladium.  They  were  chiefly  founded  upon  two  principles; 
difpofing  affinity*  and  afTimilation.  In  the  one  cafe,  I  endea¬ 
voured  to  prefent  to  the  metals  that  compofe  it,  a  fubfiance 
which,  on  account  of  its  affinity  for  fome  menfiruum  neceflary 
for  their  folution,  and  of  their  own  tendency  to  combine  in  the 
proportions  fiated  i nExp.  1,  might  caufe  them  to  unite  in  the 
form  of  an  infoluble  compound.  In  the  other  cafe,  I  hoped  to 
affimilate  the  properties  of  each,  and,  by  making  them  fome- 
thing  more  alike,  to  place  them  in  the  moft  favourable  circum- 
fiances  for  uniting.  Exp.  1.  was  founded  on  the  former,  and 
Exp.  8  on  the  latter  of  thefe  principles. 

L  many  infiances,  when  I  did  not  form  palladium,  I  obtained 
a  metallic  button  which  was  not  platina  ;  and,  when  I  did  fo,  it 
always  weighed  more  than  the  original  quantity  of  platina 
employed.  In  repeating  Experiments  I,  2,  4,  6,  8,  11,  and  12, 
I  feldom  failed  of  having  fuch  a  fubfiance.  No  effedt  of  this 
kind  took  place  in  any  experiment,  when  mercury  was  not 
ufed  along  with  platina;  and  the  other  metals  were  merely 
accelTaries,  in  promoting  their  union  and  precipitation.  This 
is  fufficiently  proved,  by  the  uniformity  of  the  refults  in 
different  proceffes,  whether  it  was  palladium  or  the  fubfiance 
1  now  mention  which  was  formed.  The  chief  property  which 

diilinguilhea 


9  7 


PRETENDED  NEW  METAL;  PALLADIUM. 

diftinguifties  the  latter  fubftance  from  platina,  is  its  denfity. 

It  is  not  unufual  to  obtain  it  of  a  fpecific  gravity  folow  as  13  ; 
very  frequently  15  or  17.  In  the  firft  experiments,  I  fufpebt- 
ed  this  lightnefs  to  be  owing  to  fome  air-bubbles ;  but  repeated 
fufion,  and  comparative  experiments  upon  platina,  foon  con¬ 
vinced  me  of  the  contrary.  The  augmentation  of  weight  alfo, 
which  the  platina  never  fails  of  acquiring,  proves  that  this 
metal  has  combined  with  fome  ponderable  fubftance ;  and,  in 
fa6t,  the  refultof  thefe  operations  is,  an  alloy  which  is  a  mean 
betwixt  platina  in  its  pure  ftate  and  what  has  been  called  pal¬ 
ladium.  It  is,  confequently,  fubject  td  infinite  variation. 

The  firft  eflfe&s  which  mercury  produces  upon  platina  are,  to  Mercury  firft 
render  it  more  fufible,  and  to  diminifh  its  fpecific  gravity,  mofcfufib’^aj' d 
The  next  new  property  conferred  upon  it  is,  the  power  of  lighter;  then 
uniting  with  fulphur ;  and,  laftly,  it  becomes  foluble  in  nitric  ^n<^er^  ^ 
acid.  It  is  not  however  till  the  fpecific  gravity  is  below  12,  with  fulphur; 
or  12,5  at  moft,  that  it  has  acquired  this  property  ;  and  all  thefe  and  dlll,morr 
effedts  follow  the  direbt  order  of  the  increafe  of  weight  i^nhric add^ * 
obfervable  in  the  platina.  >’iz*  under  the 

It  is  not  very  difficult  to  combine  a  fmall  quantity  of  mercury  gravlty 

with  platina;  but,  to  refolve  the  problem  completely,  and  to  The  author  of 

produce  an  alloy  of  thefe  metals  which  (hall  be  of  fo  low  a  F'‘Aadl,um  Fro' 
r  J  bably  has  lome 

fpecific  gravity  as  11,3,  and  (hall  be  foluble  in  nitric  acid,  is  fteaby  method  of 
not  (o  ealily  accomplithed.  From  the  repeated  failures  which  comPof:ng  ll* 

I  have  experienced  in  thefe  operations,  I  am  much  inclined  to 
think  that  the  author  of  palladium  has  fome  method  of  forming 
it,  lefs  fubject  to  error  than  any  I  have  mentioned.  No  doubt 
that  perfeverance  would  put  us  in  poflfeffion  of  his  fecret ; 
but,  being  prevented  by  want  of  leifure  from  purfuing  thefe 
refearches  at  prefent,  I  have  confined  myfelf  to  eftablifhing 
the  fabt,  and  defcribing  the  proceffes  which  I  have  employed. 

Having  thus  acquired  a  certainty  that  mercury  is  a  con-  its  decompofi* 
ftituent  part  of  palladium,  I  made  tome  further  experiments  j-°^ce^rcme^ 
upon  it,  with  a  view  to  its  analyfis;  but  they  have  not  been 
attended  with  fo  much  fuccefs.  It  might  be  expected,  from 
the  great  number  of  methods  which  have  failed  to  form  pal¬ 
ladium,  that  many  might  be  found  to  decompofe  it  when  . 
formed.  But  I  have  found  the  converfe  of  fuch  proceffes  as 
did  not  fuceeed  in  producing  palladium,  to  be  ineffectual  in 
deftroying  the  combination. 


Vo l.  VII. — Fk bru a  r  y,  1 804. 
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Analytical  ex¬ 
periments  not 
fuccefoful. 
Excels  ot  mer¬ 
cury  added  to 
io hi tioil  o t  pal¬ 
ladium. 


Palladium 
ltrongly  and 
durably  heated. 


Cupellation. 


Combuftion  in 
oxigen. 


by  galvanifm. 


Wonderful  dif¬ 
ferences  between 
mixture  and 
combination. 
Affinity  not  pro¬ 
portioned  to  the 
facility  of  union. 


ANALYTICAL  EXPERIMENTS. 

Exp.  1,  2,  and  3.  The  converfe  of  the  fynthetical  experi¬ 
ments  1, 2,  3,  was  made,  but  without  any  fatisfa£lory  rcfult. 

Exp.  4.  The  converfe  of  Exp.  4  was  made  without  fuc- 
ce(s.  I  put  Come  mercury  into  a  folution  of  palladium,  and 
left  them  together  for  fome  time.  The  precipitate  which  was 
formed  was  palladium,  juft  as  it  had  been  ufed  for  the  opera¬ 
tion. 

Exp.  5.  I  expofed  different  pieces  of  palladium  to  a  very 
violent  he3t  lor  two  hours.  In  fome,  a  diminution  of  abfolute 
weight,  with  an  increafe  of  fpecific  gravity,  took  place ;  in 
others,  neither  of  thefe  effects  was  produced.  The  fpecimens 
which  I  had  made  were  chiefly  of  the  latter  kind. 

Exp.  6.  Cupellation  did  not  afford  any  latisfaftion  relpeft- 
ing  the  anaiyfis  of  palladium  ;  but  the  heat  neceflary  for  this 
purpofe  is  fo  great,  that  I  could  not  place  great  reliance  upon 
this  experiment.  It  is  difficult  to  detach  the  button  from  the 
cupel  with  accuracy. 

Exp.  7.  I  burned  fome  palladium  in  oxigen  gas.  A  white 
fmoke  arofe  during  the  combuftion,  and  was  depofited  upon 
the  Tides  of  the  glafs  jar  that  contained  the  gas.  But  this  fmoke 
was  palladium,  and  not  the  mercury  feparated  from  it. 

Exp.  S.  A  flip  of  palladium,  which  Mr.  Davy  had  the 
goodnefs  to  expole,  in  my  prefence,  to  the  a&ion  of  the  ftrong 
galvanic  batteries  of  the  Royal  Inftitution,  burned  with  a  very- 
vivid  light,  and  a  white  fmoke;  but  no  mercury  was  feparated 
by  this  operation. 

There  is  not  any  property  of  this  compound  which  appears 
to  me  fo  wonderful,  as  that  which  is  manifefted  by  thefe  ex¬ 
periments.  It  is  a  ftriking  proof  how  unfounded  was  the 
opinion  of  fome  philofophers,  who  luppofed  that  the  rapidity 
ol  combination  was  a  meafure  of  the  force  of  affinity.  We 
do  not  know  of  any  affinity  among  chemical  bodies  which  is 
more  powerful  than  that  of  platina  and  mercury  appears  to  be. 
The  obftacles  which  muff:  be  overcome,  in  order  to  fix  the 
latter  metal,  are  a  proof  of  this;  yet  the  difficulty  of  forming 
this  combination  to  its  full  extent  is  extreme.  The  difference 
which  exifts  between  the  compound  and  its  elements,  when 
merely  mixed,  either  in  folution  or  otherwife,  cannot  be 
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better  exemplified  than  by  comparing  the  refult  of  the  5th 
fynthetical  experiment,  with  the  difficulty  of  expelling  mercury 
from  the  compound. 

I  muft  here  obferve,  that  all  the  analytical  experiments,  The  mercury 
and  many  others,  were  made,  by  way  of  companion,  upon  depart  ted "from 
the  palladium  I  had  bought,  as  well  as  upon  that  which  I  had  the  bought  pal- 
made.  But,  although  I  had  myfelf  combined  the  mercury  the 

with  theplatina,  and  confequently  knew  it  to  be  in  the  com-  author’s  real 
pound  that  refulted,  I  could  not  fucceed  in  feparating  it.  combmat:ions* 
Neither  did  the  fubftance  defcribed  in  a  former  paragraph,  as 
intermediate  between  platina  and  palladium,  allow  one  particle 
of  mercury  to  efcape  from  it,  by  any  procefs  I  have  yet  been 
able  to  devife. 

The  name  of  palladium  conveys  to  our  mind  the  idea  of. Objections  to 
fomething  abfolute,  and  therefore  incapable  of  gradation.  But  ^e^vord  pal!d* 
gradations  in  alloys  are  infinite;  and  the  alloy  of  platina  and 
mercury  is  fufceptible  of  infinite  variation.  Palladium  alfo 
brings  to  our  recolle6iion  a  contemptible  fraud  directed  againft: 
fcience :  the  name,  therefore,  fhould  not  be  admitted.  I 
have  called  it  an  alloy  ;  for  it  differs  too  much  from  the  ufual 
idea  we  have  annexed  to  the  word  amalgam,  but  it  accurately 
correfponds  with  our  notions  of  the  name  I  have  adopted. 

The  fa6ts  which  I  have  related  in  this  paper,  appear  at  firft  Thefe  new  fadh 
fight  to  have  no  fimilar  examples  in  chemiftry  ;  and  may  not  er^tir^creditf 
gain  immediate  affent  from  every  perfon.  The  philofopher, 
indeed,  will  feel  no  humiliation  in  being  forced  to  correct  or  to 
extend  his  knowledge;  and  will  not  altogether  difbelieve  a  fact, 
becaufe  he  can  adduce  no  parallel  inftance,  or  becaufe  it  is  not 
in  unifon  with  his  received  opinions.  Such  condu6t  would  be 
raifing  an  infurmountable  barrier  againft  the  progrefs  of  fcience; 
it  would  be  fetting  up  our  own  feelings  in  the  place  of  nature; 
and  attempting  to  meafure  what  in  itfelf  is  immeaturable,  by 
the  narrow  fcale  of  human  comprehenfion. 

But  let  us  not  confine  our  view  of  the  fa6ts  and  principles 
that  have  been  mentioned,  to  this  fingle  inftance.  Let  us  trace 
them  in  a  more  extended  circle  ;  and  fee  whether  any  thing 
may  be  found  in  nature  that  can  apply  to  the  prefent  fubje£t. 

The  firft  prejudice,  for  fuch  I  muft  call  it,  againft  the  pre--The  ftrange 
fence  of  platina  in  palladium  is,  the  fmall  denfity  of  the  alloy,  ri™v°[y 
And  no  doubt  it  is  extraordinary,  that  a  metal  the  fpecific  in  this  compound 

gravity  of  which  is  at  leaft  22,  (Chabaneau  fays  2d,)  com*  j^teourbelief 
bined  with  another  the  fpecific  gravity  of  which  is  nearly  1  L 

H  2  fhould 
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Orhcr  (imilar 
fudts. 


ihould  produce  a  mats  of  the  fpecific  gravity  of  10,972  ;  not 
much  more  than  half  of  that  which  calculation  would  denote, 
and  inferior  to  either  of  its  elements.  In  Mr.  Hatchett’s  Pa¬ 
per  upon  the  Alloys  of  Gold,  to  which  I  always  refer  with 
pfeafure,  we  find  fome  extraordinary  indances  of  anomalies  in 
lpecific  gravity,  both  in  excefs  and  diminution  upon  the  cal¬ 
culated  mean.  His  experiments  have  not  been  doubted  ;  nor 
can  their  accuracy  be  called  in  queftion.  The  principle  of  de¬ 
viation  in  the  true  and  the  calculated  mean  is  therefore  ad¬ 
mitted.  Who  then  can  fay  where  this  deviation  fhall  end,  or 
mark  out  limits  to  the  operations  of  nature? 

Particularly  the  But  a  no  lefs  extraordinary  indance  of  irregular  denfity  is 
different  lpecific  ^ajj  before  our  eves :  yet  it  has  not  fo  much  as  attraded  our 
g afi form  water  attention.  It  is  true  that  it  is  taken  from  among  the  gafes. 
or  fteam  and^a  if’  we  fUppofe  that  we  have  attained  accuracy  in  experi- 

gafes  which  ments  upon  thefe  fubjeds,  I  fee  no  reafon  to  refufe  their  evi- 
formit.  Thefe  dence  in  this  inftance.  The  denfity  of  oxygen  gas,  to  that  of 
aic  a  7  tJ  water  is  as  1  to  740;  and  the  denfity  of  hydrogen  gas  as  1  to 
9792.  The  mean  denfity  of  that  proportion  of  oxygen  and 
hydrogen  gafes  which  conditutes  water,  is  to  that  of  water  as 
1  to  209S ;  or,  in  other  words,  water  is  2098  times  heavier 
than  the  mean  denfity  of  its  elements  in  the  gafeous  date.  But 
water  is  only  1200  times  heavier  than  deam,  or  water  in  the 
date  of  vapour.  Therefore,  there  is  a  variation  in  -f*.  of  898, 
or  nearly  half,  between  the  denfity  of  water  and  its  elements, 
when  both  are  in  the  aeriform  date.  This  fa£l,  however,  re¬ 
gards  bodies  only  as  they  remain  in  the  fame  date,  whether  of 
folidity,  liquidity,  or  fluidity.  The  anomaly  is  mnch  greater, 
if  we  contemplate  them  as  they  pafs  from  one  of  thefe  dates 
to  the  other.  Yet  we  mud  not  omit  the  confideration  of  fuch 
a  change,  in  the  indance  of  mercury  alloyed  with  platina  ;  for 
the  former  metal,  before  liquid,  becomes  folid  as  it  enters  into 
the  new  combination. 

The  fixation  of  A  dronger  prejudice  will  perhaps  exid  againd  the  fixation 

mercury  is  a  fadt  of  fo  volatile  a  fubdance  as  mercury.  It  is  certain  that  the 

analogous  to  ]abours  of  the  alchemids  have  thrown  fome  ridicule  upon  this 
many  others,  #  * 

and  ought  to  fubjeft,  as  a  philofophicial  purfuit.  Men  of  fcience  have  long 
excite  no  preju-  pince  declined  the  refearch  ;  and  it  is  not  probable  that  w'e  are 
indebted  to  experiments  undertaken  in  the  true  fpirit  of  phi- 
lofophy,  for  the  prefent  fixation  of  mercury.  But,  the  fame 
caufe  which  induced  us  to  look  upon  the  project  as  chimerical, 
4  Ihould 
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ihould  difpofe  us  to  admit  it  when  accomplifhed.  Every  che- 
mift  well  knows  that  timilar  fixations  of  volatile  fubflances  are 
not  uncommon  It  an  ore  containing  lulphur,  or  arfenic,  or 
antimony,  be  gently  roatted,  a  great  part  of  thole  volatile  bo¬ 
dies  is  driven  off;  but,  if  a  fufing  heat  be  luddenly  applied.  Indances;  the 
the  mafs  unites  in  fuch  a  manner  that  a  very  fmall  fhare  of  y°!a^lle  bodies. 

J  lulphur,  arlenic, 

them  elcap  es.  Mr.  Hatchett  has  inftanced  an  artificial  com-  antimony. 

bination  of  gold  and  arfenic,  from  which  he  could  not  expel 

the  latter  metal,  by  any  degree  of  heat.  Yet  arfenic,  though 

lefs  fufible,  is  not  much  Iefs  volatile  than  mercury.  I  willalfo 

add  a  cafe  Hill  more  in  point;  viz.  the  combination  of  arfenic 

and  platina,  which  is  not  to  be  broken  by  a  fufing  heat. 

An  example  of  this  fa6t,  occurs  again  in  water.  The  lique-  Mercury  having 
faction  or  folidification  of  two  gafes  to  produce  water,  by  a  Ioft  ^loric  and 
lofs  of  caloric,  never  (hocks  our  mind,  becaufe  it  is  familiar  to  platina,  may  be 
us.  We  cannot  fay  what  lofs  of  caloric  may  be  fuftained  by  ‘j1  tll<: fame 

,  .  .  ,  .  .  ,  r  .  ntuation  as  ox- 

mercury,  in  order  to  unite  with  platina  ;  or  howr  far  the  pre-  ygen  \n  many 

fence  of  the  latter  may  contribute  to  expel  caloric  from  the  oxides;  viz.  not 

former.  We  know  too,  that  at  any  temperature,  without  the  mJre  heat^and 

aid  of  a  combuftible  body,  to  adt  ds  a  reductive,  we  have  not  perhaps  by  few 

been  able  to  difunite  the  laft  portions  of  oxygen,  from  the  a®n'lties* 

oxides  of  iron  or  of  manganefe.  Yet,  in  the  ufual  method  of 

reducing  a  metallic  oxide,  the  oxy  gen  is  furrounded  by  a  much 

greater  quantity  of  caloric  than  is  neceflary  to  convert  it  into 

gas.  Every  fixation  of  a  volatile  fubfianceis  analogous  to  the 

prefent  queftion;  and  they  whofe  minds  have  taken  alarm 

from  the  novelty  of  the  fadt,  may  thus  be  familiarized  with  the 

neceflity  of  admitting  it. 

But,  it  may  be  objected,  in  the  inftances  of  iron  or  manga-  Metals  may 
nefe,  oxygen  is  combined  with  a  combuftible  body,  and  re-  ^^by^rTaffi 
tained  in  it  by  a  decided  and  powerful  affinity.  There  is  no  nity  comparable 
reafon  to  fuppofe  that  fuch  an  affinity  may  not  exift  among  to  ^  °*a^ 
metals.  We  have  been  forced  to  acknowledge  it,  in  a  few  an  °Xy 
cafes,  among  the  earths;  and,  from  the  profound  and  faga- 
cious  refcarches  of  Mr.  Berthollet,  we  have  learned  many  new 
fadts,  that  promife  us  a  rapid  increafe  of  knowledge.  I  fhall 
beg  leave  to  add  a  few  examples,  which  are  taken  from  that 
clafs  of  bodies  to  which  the  fubjedt  of  the  prefent  Paper  be¬ 
longs,  and  fhow  that  the  metals  obey  the  general  law  of  mu¬ 
tual  attraction. 


(To  be  concluded  in  our  next.) 
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III. 

Investigation  of  certain  Theorems  relating  to  the  Figure  of  the 
Earth.  By  John  Playfair,  F.  R.  S.  Edin.  and  Profcffor 
of  Mathematics  in  the  Univerfity  of  Edinburgh.  * 

No  complete  re- 1  .TThE  obfervations  which  have  been  made  to  determine 
fuit3  have  ye.  qie  magnitude  and  figure  of  the  earth,  have  not  hitherto  led 
the  figure  and  to  refults  completely  fatisfaciory.  They  have  indeed  deinon- 
rnagn'tude  or  the  ^rafecj  qle  COmprelfion  or  oblatenefs  of  the  terrelfrial  fperoid, 
but  they  have  left  an  uncertainty  as  to  the  quantity  of  that 
compreflion,  extending  from  about  the  one  hundred  and  feven- 
tieth,  to  the  three  hundred  and  thirtieth  part  of  the  radius  of 
the  equator.  Between  thefe  two  quantities,  the  former  of 
which  is  nearly  double  of  the  latter,  mod  of  the  refults  are 
placed,  but  in  fuch  a  manner  that  thofe  bed  entitled  to  credit 
are  much  nearer  to  the  lead  extreme  than  to  the  greated.  Sir 
Ifaac  Newton,  as  is  well  known,  fuppofing  the  earth  to  be  of 
uniform  dendty,  adigned  for  the  compreflion  at  the  poles 
nearly  a  mean  between  the  two  limits  jud  mentioned  ;  and  it 
is  probable,  that,  if  the  compreflion  is  lei s  than  this,  it  is  owing 
to  the  increafe  of  the  dendty  towards  the  centre.  Bofcovich, 
taking  a  mean  from  all  the  meafures  of  degrees,  fo  as  to  make 
the  pofitive  and  negative  errors  equal,  found  the  difference  of 
the  axes  of  the  meridian  =  ~ F.  By  comparing  the  degrees 
meafured  by  Father  Leifganig  in  Germany,  w'ith  eight  others 
that  have  been  meafured  in  different  latitudes,  La  Lande  finds 
yiy,  and>  fuppreffing  the  degree  in  Lapland,  which  appears  to 
err  in  excefs,  yJT  for  the  compreflion.  La  Place  makes  it 
■jyt  ;  Sejour  -jfj,  and,  ladly,  Carouge  and  La  Lande  y^. 

Thefe  refults,  which  reduce  the  eccentricity  of  the  meridians 
fo  much  lower  than  was  once  fuppofed,  agree  well  with  the 
obfervations  of  the  length  of  the  pendulum  made  in  different 
latitudes.  Were  the  earth  a  homogeneous  body.  Sir  Ifaac 
Newton  demondrated,  that  the  diminution  of  gravity  under 
^  feconds  pendu-  the  equator  would  be  =  expreffed  by  the  fame  fra&ion 

with  the  compreflion  at  the  poles.  M.  Clairault  made  after¬ 
wards  a  very  important  addition  to  this  theorem  :  for  he 
(hewed,  that,  if  the  earth  be  not  homogeneous,  but  have  a 


The  refults  of 
obferved  eccen¬ 
tricity  agree 
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putations  de¬ 
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denfity  that  varies  with  any  function  of  the  diftance  from  the 
centre,  the  two  fractions,  expreffing  the  comprelfion  at  the 
poles,  and  the  diminution  of  gravity  at  the  equator,  when 
added  together,  muft  be  of  the  fame  amount  as  in  the  homo¬ 
geneous  fpheroid,  that  is,  mutt  be  =  or  T~j.  Now,  the 
iecond  pendulum  is  concluded,  from  the  belt  and  moft  recent 
obfervations,  to  be  longer  at  the  pole  than  at  the  equator  by 
T~T>  and  this,  taken  from  T4T,  leaves  for  the  compreffion 
at  the  poles. 

2.  But  though  -jio’  or  fume  fraction  not  very  different  from  Why  have  not 
it,  fhould  be  admitted  as  the  moft  probable  value  of  the  com-  ob^rvatl<flS 
preffion,  or  ellipticity,  as  it  is  called,  of  the  terreftrial  fphe  better? 
roid,  it  ftill  remains  to  be  explained,  why  all  the  obfervations, 
confidering  the  care  with  which  they  have  been  made,  do  not  ' 
agree  more  nearly  with  this  conclufion.  Among  the  caules 
that  may  be  affigned  for  this  inconfiftency,^  though  unavoidable 
miftakes,  and  the  imperfection  of  inftruments,  mult  come  in 
for  a  part,  there  can  be  little  doubt  that  local  irregularities  in 
the  direction  of  gravity  have  had  the  greateft  lhare  in  producing 
it.  Of  thefe  irregularities,  that  which  ariles  from  the  attrac-  Anf. — Prlnci- 
tion  of  mountains  has  had  its  exiftence  proved,  and  its  quan- 
tity,  in  one  cafe,  afcertained,  by  the  very  accurate  obferva- mountains  have 
tions  of  the  prelent  aftronomer-royal  at  Schehallien  in  Perth- cau^eclerrf,Vn 

r  .  .  .  .the  ufe  of  the 

fhire.  We  may  trace  the  operation  of  this  caufe  in  many  of  plumb-line. 

the  degrees  that  have  been  adlually  meafured.  Thus,  in  the 
degree  at  Turin,  when  divided  into  two  parts,  and  each  efti- 
mated  feparately,  that  which  was  to  the  north  of  the  city,  and 
pointed  toward  Monte  Rofa,  the  fecond  of  the  Alps  in  eleva¬ 
tion,  and  the  firft  perhaps  in  magnitude,  was  found  greater  in 
proportion  than  that  toward  the  fouth,  the  plummet  having 
been  attracted  by  the  mountain  above  mentioned,  and  the  ze¬ 
nith  made  of  confequence  to  recede  toward  the  fouth.  There 
are  no  doubt  fituations  in  which  the  meafurement  of  a  fmall 
arch  might,  from  a  fimilar  caufe,  give  the  radius  of  curvature 
of  the  meridian  infinite,  or  even  negative. 

But  there  is  another  kind  of  local  irregularity  in  the  diredtion  Another  more 
of  gravity,  that  may  alio  have  had  a  great  etfiedt  in  diflurbing  Cdufe 

the  accuracy  of  the  meafurement  of  degrees.  The  irregularity 
I  mean  is  onearifing  from  the  unequal  denfity  of  the  materials 
under  and  not  far  from  the  furface  of  the  earth  ;  and  this  caufe 
of  error  is  formidable,  not  only  becaufe  it  may  go  to  a  great 

pxtent. 
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earth. 


extent,  but  becaufe  there  is  not  any  vifible  mark  by  which  its 
exigence  can  always  be  diftinguifhed.  The  difference  be¬ 
tween  the  primary  and  fecondary  ftrata  is  probably  one  of  the 
chief  circumftances  on  which  this  inequality  depends-  The 
primary  ftrata,  efpecially  if  we  include  among  them  the  granite, 
may  often  have  three  times  the  fpecific  gravity  of  water, 
whereas  the  fecondary,  fuch  as  the  marly  and  argillaceous, 
frequently  have  not  more  than  twice  the  fpecific  gravity  of 
that  fluid.  Suppofe,  then,  that  a  degree  is  meafured  in  a 
country  where  the  ftrata  are  all  fecondary,  and  happens  to  ter¬ 
minate  near  the  junction  of  thefe  with  the  primitive  or  denfer 
ftrata,  the  line  of  which  junction  we  fhall  fuppofe  to  lie  nearly 
eaft  and  w*eft;  the  fuperior  attraction  of  the  denfer  ftrata  muft 
draw  the  plummet  toward  them,  and  make  the  zenith  retire 
in  the  oppofite  direction ;  thus  diminifhing  the  amplitude  of 
the  celeftial  arch,  and  increaftng,  of  confequence,  the  geode- 
tical  meafure  aftigned  to  a  degree.  From  fuppofitions,  no 
way  improbable,  concerning  the  denfity  and  extent  of  luch 
mafles  of  ftrata,  I  have  found,  that  the  errors,  thus  produced, 
may  eafily  amount  to  ten  or  twelve  feconds. 

3.  While  we  continue  to  draw  our  conclufions,  about  the 
figure  of  the  earth,  from  the  meafurement  of  Angle  degrees, 
there  appears  to  be  no  way  of  avoiding,  or  even  of  diminifh¬ 
ing,  the  effe<5ts  of  thefe  errors.  But  if  the  arches  meafured 
are  large,  and  conflft  each  of  feveral  degrees,  though  there 
fhould  be  the  fame  error  in  determining  their  celeftial  ampli¬ 
tudes,  the  effect  of  that  error,  with  refpeft  to  the  magnitude 
and  figure  of  the  earth,  will  become  inconftderable,  being 
fpread  out  over  a  greater  interval ;  and  it  is,  therefore,  by 
the  eomparifon  of  two  fuch  arches  that  the  moft  accurate  refult 
is  likely  to  be  obtained.  But,  in  purfuing  this  method,  fince 
the  arches  meafured  cannot  be  treated  as  fmall  quantities,  or 
mere  fluxions  of  the  earth's  circumference,  the  calculation 
muft  be  made  by  rules  quite  different  from  thofe  that  have  been 
hitherto  employed.  Thefe  new  rules  are  deduced  from  the 
following  analyfis. 

4.  Let  the  ellipfls  ADBE  reprefent  a  meridian  paffmg 
through  the  poles  D  and  E,  and  cutting  the  equator  in 
A  and  B.  Let  C  be  the  centre  of  the  earth,  AC,  the 
radius  of  the  equator,  =  a,  and  DC,  half  the  polar  axis, 
=  b‘  Let  FG  beany  very  (mall  arch  of  the  meridian,  having 
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its  centre  of  curvature  in  H ;  join  HF,  HG  cutting  AC  in 
K  and  L.  Let  <p  be  the  meafure  of  the  latitude  of  F,  or  the 
meafure  of  the  angle  AKF,  exprefled,  not  in  degrees  and 
minutes,  but  in  decimals  of  the  radius  1  ;  then  the  excefs  of 
the  angle  ALG  above  AKF,  that  is,  the  angle  LHK  or  GHF 

will  be  =  <j>,  and  therefore  FG  =  <p  x  FG.  Alfo,  if  the 
elliptic  arch  AF  =  2,  FG  =  2  =  <p  x  FH. 


But  FH,  or  the  radius  of  curvature  at  F,  is  = 
az  bz 

- - - 3  =  az  bz  ( a z  —  az  fin  -f-  bz 

( az  -  az  fin  ZQ  +  bz  fin  z$)z 
_ 3 

fin  z$)  z ,  as  is  demonfirated  in  the  conic  fe&ions.  There¬ 
fore,  if  c  be  the  compreflion  at  the  poles,  or  the  excefs  of  a 
above  b,  bz  —  az  —  Zac  -|-  cz ,  or  becaufe  c  is  fmall  in  com- 
parifon  of  a ,  if  we  reje6l  its  powers  higher  than  the  firfi,  bz  = 
az  —  2 ac,  and  FH  —  a3  ( a  —  2c)  (a2  —  a2  fin  2(P  -f*  a2  fin1 

0  —  2 ac  fin  2$)  z  =  a3  (a  —  2c)  ( az  —  2 ac  fin  2$)  a* 

_  jL  _  3  2c.  —  J. 

But  ( a 2  —  2 ac  fin  2?>)  2  =  a  (1 - fin  2<P)  1 

a 

_  3  3c 

—  a  (1  -|-  —  fin  2(P)  nearly,  reje&ing,  as  before,  tlfe 

3c 

terms  that  involve  cz,  &c.  HencefFH  =  (a  —  2c)  (f  + 
fin  2?>)  =  a  —  2c  -J-  3c  fin  2?>. 
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Now  z  =  <?  x  FH,  therefore  z  =  <p  (a  —  2c  -f-  3c  fin  2<p) 

1  —  cof  2Q 


=  (a  —  2c)  Q  -f-  3c  Q  fin2?.  Butfin2?)  — 


3cp 


there¬ 


fore  z  =  {a  —  2c)  <p  -f-  —  ck>  — — 7—cof2£J  and  takingthe  fluent 

2  2 

/  c\  3c 

z  =[  a - )  <p - fm  20.  To  this  value  of  z  no  conuant 

V  2/  4 

quantity  is  to  be  added,  becaufe  it  vani  flies  when  z  =  o. 
Therefore  an  arch  of  the  meridian,  extending  trom  the 

equator  to  any  latitude  0,  is  =  a?  — TT 

5.  This  theorem  is  alfo  eafily  applied  to  mealure  an  arch  of 
the  meridian,  intercepted  between  any  two  parallels  of  the 
equator. 

Thus,  if  MN  be  any  arch  of  the  meridian,  O'  the  latitude  of 
M,  one  of  its  extremities,  and  0"  that  of  N,  its  other  extremity, 

we  have  AM  =  aO'  —  —  ^0'  -j-—  fin  2 O'  ^  •  and 

AN  =  fin  2  Q'j.  therefore  the  arch 

MN  =  «(f  -  <t>”)  -  -  <f0  +  |fin  2?"  -^6n2<P'). 

6.  If,  therefore,  MN  be  an  arch  of  feveral  degrees  of  the 
meridian,  the  length  of  which  is  known  by  actual  mealure- 
ment,  and  alfo  the  latitude  of  its  two  extremities  M  and  N, 
this  Iaft  formula  gives  us  an  equation,  in  which  a  and  c  are 
the  only  unknown  quantities.  In  the  fame  manner,  by  the 
meafurement  of  another  arch  of  the  meridian,  an  equation  will 
be  found,  in  which  a  and  c  are  likewife  the  only  unknown 
quantities.  By  a  comparifon,  therefore,  of  thefe  two  equa¬ 
tions,  the  values  of  a  and  c,  that  is,  of  the  radius  of  the 
equator,  and  its  excefs  above  half  the  polar  axis,  may  be  de¬ 
termined. 

Thus,  if  l  be  the  length  of  an  arch  meafured,  m  the  co-effi¬ 
cient  of  a,  and  n  of  c,  computed  by  the  laft  formula  ;  and  if  l' 
be  the  length  of  any  other  arch,  m'  the  coefficient  of  a,  and  ri  of 
c,  computed  in  the  fame  manner,  we  have  ma  —  nc  =  /, 

and  m'a  —  n'c  =  /'. 

n'l  —  nl'  m'l  —  ml' 


Whence  a  = 


mn  —  mn 


mn  —  m  n 


c  ml  —  ml 

and  —  —  — - - - 

a  nl  —  nl' 


It 

may 
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may  be  ufeful,  in  the  numerical  calculation,  to  obferve  alfo  that 

ma  —  l 
c  ~ - . 

11 

7.  The  arch  of  the  meridian,  which  was  meafured  in  Peru,  Application  of 
compared  with  that  meafured  in  France,  will  afford  an  example  ^  me  a  Aired 

of  the  application  of  thefe  formulas.  in  Peru  and  that 

The  amplitude  of  the  arch  meafured  in  Peru  was  3°  7'  l'\  in  France* 
and  its  length  176940  toifes.  To  reduce  this  to  the  level  of  the 
fea,  above  which  it  was  elevated  1226  toifes,  66  toifes  mud  be 
fubtra&ed,  and  again  12  toifes  added  to  adapt  it  to  the  mean 
temperature  of  the  atmofphere.  Thus  corrected  it  is  176886 
toifes.  The  arch  meafured  begun  36,/  north  of  the  equator, 
and  extended  to  the  parallel  of  3°  6'  2 5"  fouth ;  we  fhall  lup- 
pofe  it  to  have  begun  under  the  equator,  and  to  have  extended 
*o  the  parallel  of  3°  7'  l",  a  fuppofition  which  can  produce  no 
fenfible  error,  and  will  fomewhat  Amplify  the  calculation. 

Thus  in  the  preceding  formula,  is  an  arch  of  3°  7/  1"  ex- 
preffed  in  decimals  of  the  radius  1,  and  fo  we  have  in  — 

.0544009,  n  —  .1086408,  and  l~  176S86. 

Again,  the  amplitude  of  the  whole  arch  meafured  in  France 
from  Dunkirk  to  Perpignan  is  8°  20'  2,f\  and  its  length 
475496  toifes.  The  northern  extremity  of  this  arch  is  in  lati¬ 
tude  5 1 c  2'  1",  and  the  fouthern  in  42°  41/58"£.  Hence 
—  .8907045,  and  l=  .7452459,  and  therefore  m'  — 

.1454586,  7i—  .05857 35,  /  =z  475496. 

1 1  y 

Therefore,  a  —  — - —  IZ  3273325  toifes; 

inn  —  mn 

in' l— mV  , .  . r 

c  — -  ZZ  10917  toifes, 

inn'  —  m'n 

and  — ~ -  nearly. 

a  300  J 

Wherefore  alfo  the  longer  axis  of  the  meridian  is  to  its  conju¬ 
gate,  or  a  is  to  b  as  300  to  299. 

This  proportion  agrees  well  w'ith  that  which  was  already 
pointed  out  as  the  mod  probable  refult,  from  the  comparifon  of 
Angle  degrees,  and  from  obfervations  of  the  pendulum.  As 
thefe  conclufions  are  obtained  by  different  methods,  they  tend 
greatly  to  conArm  one  another. 

8.  From  this  too  it  feems  highly  probable,  that  the  uncer-  Probability  that 

fainty  which  yet  remains  with  refpeft  to  the  true  figure  of  the  earth  will*  be  ^ 

earth  well  determined 


of  fomc  other 
confiderable 
arcs. 
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by  meafurement  earth  will  be  entirely  removed  by  the  meafurement  of  fome 
pther  confiderable  arches  of  the  meridian.  Such  an  arch  will 
be  furnifhed  by  the  furvey  of  Great  Britain  begun  by  General 
Roy,  and  Still  continued  in  a  ftyle  of  accuracy  fo  much  fuperior 
to  any  other  fyftem  of  geometrical  operations  that  has  ever  yet 
been  executed.  In  drawing  the  conclufions  from  observations 
made  with  fuch  exaCtnefs,  it  may  be  necefiary  to  employ  a 
more  accurate  approximation  than  has  been  done  in  the  pre¬ 
ceding  formula,  by  retaining  the  Second  power  of  c.  The 
equations  to  be  retolved  will  thus  become  of  the  Second  order, 
but  as  the  unknown  quantities  can  be  nearly  found  by  the  Solu¬ 
tion  of  a  Simple  equation,  the  farther  approximation  to  their 
true  values  will  be  accompanied  with  no  difficulty. 

9.  Concerning  this  farther  approximation  it  may  be  ufeful 
however  to  remark,  that  if  c 2  be  retained,  its  coefficient  in  the 

formula  of  §  4  will  be———  ( Q  -J - —  fin  4$  )  : 

and  therefore  in  the  formula  of  §  5  it  will  be 

-J—  —  <p'  (6°  ~  fjn  ^jj' 


Farther  approxi¬ 
mation  to  be 
then  employed. 


If  then  the  quantity 


_L  (  ?t-<y 

1 6a  \ 


_p  J_L  (fm  4 <P”  -  fin  \V) 


computed  for  any  arch  of  the  meridian,  be  put  zz  g,  and  the 
fame,  computed  for  any  other  arch,  be  zz  g' ,  the  equations  of 
§  6  wiil  become. 


ma 


nc  4- -  ZZ  l,  and 

a 


in’ a  —  n'c  -j- 


gc7  _ 


a 


ZZ  V. 


10.  Here  if  we  put  d  for  the  value  of  a,  as  given  by  the  for- 
nl  —  nV 

mula - -  •  and  h  for  the  value  of  c,  as  given  by  the  for¬ 
ma  —  mn  °  J 


m 


7  -  mV 


— ,  alfo  rfor  the  correction  to  be  made  on  d,  and  u 


mula 

mn  —  m'n 

for  the  correction  to  be  made  on  h,  fo  that  a  zz  d  -f-  v,  and 
c  ZZ  h  -f-  u,  by  lubllituting  thefe  values  of  a  and  c  in  the  two 

lafl  equations  we  have  mv  —  nu  -f  rz  0,  and 


m  v 


d  -j-  v 

,  .  g'(h  +  u)7  _ 

nu  H - — - zz  0. 

a  v 


Hence 
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Hence,  rejefting  all  the  terms  that  involve  t2,  u2 ,  or  uv ,  we  Farther  approxi- 
have  dmv  —  dnu,  -f  gh2  -f-  2 ghv  ~  0,  raation  to  be 

and  dmv  —  dn'u-\~g'h2  -f-  2g/hv~0.  ^en  emf^cd* 

Therefore,  v  =  7-7 - f  . - : - 7,  alfo 

(n  m  —  nm  )  d  -j-  (gn  —  g  n )  2  A 

g'h 2  f 'dm  -f-  —  gh2  ( dm 1  -f-  2 g'h ) 

dri’  (dm  -j~  ‘2g/t )  —  dn  ( dm '  -f-  2g  V  • 

And  2gain,  by  reje&ing  thofe  terms  that  are  lmall  in  compari- 

h  2  ( "g'  —  n'g) 


on  of  the  red,  v  ~ 


y  ,  and 


d  ( n  m  —  nni  )' 
h  2  (gm  —  gm  ) 
d  ( n'm  —  nm!  f 

Thus  v  and  u  are  found,  and  of  confequence  d~\~v  and  A-f  u> 
that  is  a  and  c,  without  negledding  any  terms  that  are  not 

c2 

of  an  order  lefs  than— —  ;  and  when  it  is  confidered  that 

a 


cz 

a 

c2  .  t  l 

— ■  is  lefs  than  - ,  it  will  readily  be  allowed  that  it  is  quite 

a  22500  ,  J  n 

unnecedary  to  carry  the  approximation  farther. 

11.  The  fame  thing  that  renders  the  comparifon  of  large  The  errors  of 

arches  of  the  meridian  ufeful  for  ledening  the  effect  of  errors  obfervation  are 

^  .  lefs  the  larger 

arifing  from  irregularities  in  the  direction  of  gravity,  makes  it  cy,e  arcs# 
ferve  to  diminith  the  effect  of  all  the  errors  of  the  aftronomical 
obfervations  at  the  extremities  of  the  arches,  from  whatever 
caufe  they  arife.  They  are  all  diffufed  over  a  greater  interval, 
and  have  an  effeft  proportionally  lefs  in  diminifhing  the  accu¬ 
racy  of  the  lad  conclufion. 

12.  The  meafurement  therefore  of  large  arches  of  the  meri-  Extenfive  fur- 
dian,  efpecially  if  performed  in  didant  countries,  is  likely  to  particularly 
furnifh  the  bed  data  for  ascertaining  the  true  figure  of  the 

earth;  and  on  this  account  extenfive  and  accurate  lurveys, 
fuch  as  that  above  mentioned,  are  no  lefs  intereding  to  fcience, 
in  general,  than  conducive  to  national  utility.  The  furvey  of 
this  ifland,  when  completed,  will  furnifh  an  arch  of  the  meri¬ 
dian,  beginning  at  the  fame  parallel  where  that  meafured  in 
France  terminates,  and  nearly  of  the  fame  extent,  fo  that  the 
length  of  an  arch  of  more  than  16°,  or  almod  a  twentieth  of 
the  earth’s  circumference,  will  become  known.  Thedifferent 
portions  of  this  arch  compared  with  one  another,  or  with  the 

arch 
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Large  perpendi 
culars  are  of 
very  difficult 
meafuremenr  j 


arch  meafured  in  Peru,  v\  III  afford  a  variety  of  data  for  deter¬ 
mining  the  true  figure  of  the  earth. 

Obfcrvations  of  Bat  furveys  of  the  kind  now  referred  to,  afford  likewife 
perpendiculars  other  materials  from  which  the  lolution  of  this  great  geogra- 
and  of  parallels  phieal  problem  may  be  deduced.  Thefe  are  chiefly  or  two 
oi  latitude.  forts,  viz.  the  magnitude  of  arches,  either  of  the  curves  per¬ 
pendicular  to  the  meridian,  or  of  the  circles  parallel  to  the 
equator.  Examples  of  the  fir  ft  of  thefe  have  been  given  by 
General  Roy  and  Mr.  Dalby  ;  the  obfcrvations  which  follow 
are  diredted  towrard  both. 

13.  With  refpect  to  the  meafurement  of  arches  perpendicu¬ 
lar  to  the  meridian,  it  may  be  obferved,  that  the  directions  of 
gravity  at  different  points  of  fuch  arches  do  not  interfeft  one 
another  at  all,  unlefs  the  diftances  of  thofe  points  from  the  faid 
meridian  be  very  fmall.  On  this  account  the  meafurement  of 
a  large  arch  perpendicular  to  the  meridian  would  involve  in  it 
confiderable  difficulty  ;  to  avoid  which  it  is  neceffary  that  the 
arch  meafured  be  but  fmall,  or  one  that  does  not  greatly  ex¬ 
ceed  a  fingle  degree.  Such  meafurements  are  of  courfe  ob¬ 
noxious  to  all  the  errors  that  arife  from  the  deflexion  of  the 
plumb-line,  and  cannot  therefore  furnifh  data  for  determining 
the  figure  of  the  earth,  equally  valuable  with  thofe  which  may 
be  derived  from  large  arches  of  the  meridian.  The  method 
of  determining  the  figure  of  the  earth,  from  degrees  of  the 
perpendicular  to  the  meridian,  is  not  however  without  its  ad¬ 
vantages,  and  in  certain  circumftances  is  "preferable  to  any 
other  that  proceeds  by  the  meafurement  of  arches  equally 
fmall.  This  method  is  twofold  ;  as  a  degree  of  the  meridian 
may  be  compared  with  a  degree  of  the  perpendicular  to  it  in 
the  fame  latitude  ;  or  two  degrees  perpendicular  to  the  meri¬ 
dian,  in  different  latitudes,  may  be  compared  with  one  an¬ 
other.  The  advantages  peculiar  to  each  will  appear  from  the 
following  inveftigation. 

To  find  the  axes  1  L  Let  it  be  required  to  find  the  axes  of  an  elliptical  fphe- 

o;  a  fpheroid  roid,  from  comparing  a  degree  of  the  meridian  in  any  latitude 
from  comparing  ...  ,  ..  ,  ...  .  .... 

a  deg.  of  the  vvlUl  a  degree  ot  the  curve  perpendicular  to  the  meridian  in 

merid.  with  one  the  fame  latitude. 

?U;  1  '  Let  the ellipfis  ADBE  (Fig.  on  page  105)  reprefent  a  meri¬ 
dian,  of  which  a  degree  is  meafured  at  F.  Let  the  perpen¬ 
dicular 


and  fmall  ones 
erroneous  from 
partial  gravita¬ 
tion. 


RELATING  TO  THE  FIGURE  OF  THE  EARTH. 


Ill 


dicular  to  the  meridian  in  F  meet  the  lefs  axis  DE  in  R.  Then  To  find  the  axes 
R  will  be  the  centre  of  curvature  of  the  circle  cutting  the  me-  °*  a  Spheroid 

-1.  ,  .  T'  r  ...  ....  from  comparing 

ridian  at  right  angles  in  r  ;  for  at  any  point  in  that  circle  inde-  a  deg.  of  the 
finitely  near  to  F,  the  diredtion  of  the  plumb-line,  or  of  gra-  merid’  with  one 
vity,  as  it  always  paffes  through  the  axis  DE,  will  cut  DE  in  the  PerPend° 
R  ;  it  will  therefore  alfo  interfed  FR  in  R,  lb  that  R  is  the 
centre,  and  FR  the  radius,  of  curvature  of  the  perpendicular 
to  the  meridian.  Let  H  be  the  centre  of  curvature  of  the 
meridian  ltfelf  at  F :  draw  FO  perpendicular  to  DE,  and  let 
the  latitude  of  F,  or  the  angle  OFR  =  <p.  Alfo  let  AC  =  a t 
CD  =  b,  and  a  —  b  =  c,  as  before. 

Then  from  the  nature  of  the  ellipfis,  FO  = 
az  cof  0 

—  - -  -  —  ■ , ,  and  becaufe  fin  FRO  :  1  ::  FO  :  FR, 

y/a 2  col  z<p  -f-  ^  fin  ^ 

_  az 

that  is,  cof  <£> :  1  :  :  FO  :  FR,  FR  = — ^ — -  -  ; 

y/az  col  z$  -j-  bz  hn  tyz 

and  this,  therefore,  is  the  radius  of  curvature  of  the  fection  of 
the  fpheroid  perpendicular  to  the  meridian  at  F.  But  the  ra¬ 
dius  of  curvature  of  the  meridian  at  F,  that  is  FH  =*= 

■4  bz 


a ' 


y/ az  col  4"  fin  z<p 


Xfc  * 
2 


therefore 


FR  :  FH:: 


a 


a 


(az  cof  -f“  bz  fin  Qz)z  (az  cof^z  -f-  bz  fin  <pa)' 


3  » 


ci‘ 


1 
i  2 


»  we  have 


and  dividing  both  by  - 

(az  cof$z  -f-  bz  fin?>2) 

FR  :  FH  : :  a*  cof  $z  +  bz  fin  Qz  :  bz , 

15.  If  then  D  be  the  length  of  a  degree  of  the  meridian  at  F 
and  D'  the  length  of  a  degree  of  the  circle  at  right  angles  to  it, 

D' 

D'  :  D  :  :  az  cof  $z  -f-  bz  fin  $z  :  bz ,  and  —  = 

az  cof  $z  4-  bz  fin  Qz  az  „ 

- - : - r - — -  =  —  co(Qz  4-  fin  z(p.  Hence 

b2  U 


D'  a4 

—  _  fin  (Pz  ~  — i  cof  Qz  and 


cof  <P 

This  laft  formula,  therefore,  gives  the  ratio  of  a  to  b  when 
D,  D  and  $  are  known. 


16.  To 
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To  find  the  axes 
of  a  fpheroid 
from  comparing 
a  deg.  of  the 
merid.  with  one 
of  the  perpend. 


16.  To  find  a  and  b  themlelves,  if  m  ~  51.2957 ,  &c.  or 
the  number  ot  degrees  in  the  radius,  lb  that  mD'  =  FR  = 
a2 

- j,  and  finee  it  has  been  already 

( a 2  col  -f-  b?  fin  <P2)* 


a 2  7T  fin  <p2  a 2  col  Q 3 

fliewn  that  jz  IT  Z. _ ,  orb2  n  7^7 - ,  there¬ 
at?2  ~  —  fin?2 


lore  mD'  zz 


a 


/iZ  Col 

« 2  cof  $2  +  — — -  x  fin  <P* 

jy- —  fin 


)s 


a 


cof  ?  /  1  -j- 


ll!)  $' 


—  and  a  ZZ 
z 


D' 

~  —  fin  ?2 


wD'  cof  ?  / 1  .  -  J1. 1  f 

a/  5! 

i) 


fin  $2 


Now,  1  -j- 


fin 


IT 

D 


1 


therefore  c  ~ 


D'  D' 

-y  —  fin  £2  —  —  fin  ?2 

m D'  cof  ? 


D  . 

1  - 


17.  This  value  of  a  is  very  convenient  for  logarithmical  cal¬ 
culation  ;  tor  if  fin^y/—  be  computed,  it  will  always  be 
■  els  than  1,  becaule  D/  is  greater  than  D,  and  therefore  may  be 

taken  lor  the  fine  ol  an  arch  T,  of  which  arch  1 - -  fin  ?2 

will  of  courfe  be  the  cofine,  fo  that  a  ~ 

col  T 

i  he  fame  method  may  be  uled  for  finding  ~  from  the  for¬ 
mula  in  §  15. 

In 
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In  the  fame  manner  that  a  has  been  found,  vve  will  obtain  To  find  the  axes 

•  mY)'  cof  P2  of  a  *P!iero‘,d 

f)  — - - - - - - - — ,  from  comparing 

a  deg.  of  the 

mend.  with  one 

of  the  perpend* 


iy* 

U 


if  we  examine  the(e  formulas  in  the  extreme  cafes,  viz. 
when  P  ~  90°,  and  when  P  “  0,  we  (hall  have  in  the  for¬ 
mer  cafe  a  m— ,  becaufe  cof  0  “  0,  and  alfo  Df  ~  D.  fo 
0 

that  I  —  —  ^in  2(?~0.  Here  therefore  a  is  indefinite,  and 

may  be  of  any  magnitude  whatever  ;  and  it  is  evident  that  this 
is  the  ret u It  which  the  formula  ought  to  give  :  becaufe  at  the- 
pole,  or  when  p  zz  90°,  the  perpendicular  to  the  meridian 
is  itfelfa  meridian,  and  therefore  the  meafurement  of  the  two 
degrees,  D  and  D\  is  but  the  fame  with  the  meafurement  of 
one  degree. 

When  p  zz  0,  that  is  at  the  equator,  the  circle  perpendi¬ 
cular  to  the  meridian  is  the  equator  itfelf,  and  we  have  then 
a  ZZ  rriD a  being  determined  in  this  cafe  by  the  degree  of  the 


equator  alone.  Here  alfo  we  have  zz 


which  is 


b  v  D  ’ 

known  to  be  true. 

18.  The  preceding  formulas  may  be  rendered  more  fimple, 
if  we  aim  only  at  an  approximation,  which  indeed  is  all  that  is 
necefiary  in  this  inquiry.  Since  c  denotes  the  compreffion,  or 
fince  a  —  c~b,  and  therefore  a 2  — 2ac~  b2  nearly,  confe- 
quently  the  radius  of  curvature  of  the  meridian  at  F,  that  is 
a 2  (a2 —  2 ac)  _  a 3  ( a —  2c)  _ 


wD 


(a  — 2c)  (1 


[a2  —  2 ac  tin  p2) 
3c 


2c  3. 

a 3  (1 - fin  P2)2 

a 


a 


fin  Qz),  or  wD  —  a  —  2c  -f-  3c  fin  p%.  In 


the  fame  manner  mD'  =  a  -f-  c  fin  P2.  From  thefe  equations 
we  obtain,  rejecting  always  the  higher  powers  of  c. 


c  = 

V 

a 


m  (D' —  D) 

—  — - a  — 


2  cof  p2 

D'  —  D 


mDf 


m  (D'  —  D)  fin  p- 
2  col  P2 


and 


2D/  cuf  P 2 

Thefe  formulas  maybe  transformed  into  others  a  little  more 
convenient  for  computation,  by  putting  fee  inftead  of 
Vol.  VII. — February,  180F  I  1 
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fi  n 

and  tan  infiead  of  — ;  we  have  then. 


col#1'  '  col^3, 

c  —  —r  (D'  —  D)  fee 

w 


VI 


a~m[y - -  (D' —  D)  tan  $x,  and 

mm 

c  (D' —  D) 

-  —  - -  fee  0  x 

a  2D'' 


c 

f. xamp'e  of  the  19.  We  may  apply  thefe  formulas  to  the  computation  of 

comprefiion  de-  U. 

duced  from  the  gjC.  from  the  degrees  of  the  meridian  and  perpendicular,  raea- 

PrpcndkuLr/tS  lurcc^  *n  the  fouth  of  England.  We  find,  in  one  example, 
(Phil.  Tranf.  1795,  p.  537),  that  D  zz  60851  fathoms,  D' ZZ 

61182,  the  latitude,  or  <?>  being  zz  50°  41'.  From  this  — ZZ 


Whether  the 
magnitude  of 
t !'i i ■>  relult  may 
prove  an  irregu 
Ur  figure. 


D' —  D  331  1  ,  .  , 

- ZZ  -  - ,  which 

2D'cof*p  2x611 82 x  (cof  50°  4 1') 4  14-8.4 

is  nearly  the  fame  refult  with  that  deduced  in  the  paffage  juft 

referred  to.  Indeed  the  folution  of  this  problem,  contained  in 

the  Trigonometrical  Survey,  is  quite  unexceptionable;  and  the 

theorems  here  offered  are  not  given  as  containing  a  more 

accurate  folution,  but  one  that  is  in  fome  refpe&s  more  limple. 

The  above  comprefiion,  if  the  remarks  already  made  be  well 
founded,  is  much  too  great,  being  more  than  double  of  what 
was  obtained  from  comparing  the  whole  arch  of  the  meridian 
meafured  in  France  with  the  whole  of  that  meafured  in  Peru. 
At  the  fame  time  it  is  right  to  oblerve,  that  all  the  other  com- 
parifons  of  the  degrees  of  the  meridian,  w’ith  thofe  of  the 
curve  perpendicular  to  it,  made  from  the  obfervations  in  the 
fouth  of  England,  agree  nearly  in  giving  the  fame  oblatenefs 
to  the  terreffrial  fpheroid.  For  this  circumfiance,  it  is  cer¬ 
tainly  not  ealy  to  account ;  the  unparalleled  accuracy  with 
which  the  whole  of  the  meafurement  has  been  conducted, 
makes  it  in  the  highefi  degree  improbable  that  it  arifes  from 
any  error  ;  and  even  if  errors  were  to  be  admitted,  it  is  not 
likely  that  they  fhould  all  fall  on  the  fame  fide.  The  authors 
of  the  Trigonometrical  Survey  feem  willing,  therefore,  to  give 
up  the  elliptic  figure  of  the  earth,  (Ibid.  p.  527);  but  before 
we  abandon  that  very  natural  and  limple  hypothecs,  it  may 
perhaps  be  worth  while  to  attend  to  the  follow  ins  conii- 
derations. 


% 


20 


RELATING  TO  T  k  E  *FIGURE  OF  THE  EARTH.  jjj 

20.  In  the  part  of  England,  where  the  meafures  we  are  novtf  Obfemtions  to 
treating  of  have  been  taken,  the  ftrata  are  of  chalk,  and  though  ciiat 
of  great  extent,  are  bordered,  on  all  the  Tides  that  we  have  bab!y  arifes  from 
Accefs  to  examine,  by  ftrata  much  denfer  and  more  compact.  0  ^ 

7\>ward  the  well  the  chalk  is  fucceeded  by  limeftone,  and  that 
limeflone  by  the  primitive  fchiftas  and  granite  of  the  wed  of 
Devonfhire  and  of  Cornwall.  On  the  eaft  we  may  fuppofe 
that  fomething  of  the  fame  kind  takes  place,  though  the  fea 
prevents  us  from  obferving  it,  as  the  chalky  and  argillaceous 
beds  extend  in  this  direction  to  the  coaft,  and  probably  to 
Tome  diflance  beyond  it.  Now  the  meridian  of  Green wich  The  meridian  o( 
may  be  confidered  as  dividing  the  trad!  of  country,  occupied*Gieenwich  ap“ 

J  J  ‘  pears  to  divide  a 

by  thefe  lighter  ftrata,  into  two  parts,  in  fuch  a  manner,  that  chalk  country, 

the  plummet  being  carried  to  a  diftance  from  it,  either  eaft  or  j^armg  on  each 

weft,  approaches  to  the  denfer  ftrata,  and  is  of  courfe  attradled  ftrata  of  lime*- ^ 

by  them,  fo  that  the  zenith  is  forced  back,  as  rt  were,  to  the  ftone>  fchiftus, 

meridian  of  Greenwich,  and  does  not  recede  from  it,  in  the  which  ^by^t- 

beavens,  at  fo  great  a  rate  as  the  plummet  itfel'f  does,  on  tracing  the 

the  earth.  Hence  the  longitudes  from  this  meridian,  eftimated  either^  way-out 

by  the  arches  in  the  heavens,  intercepted  between  the  zenith  wards,  muft  fe- 

and  the  faid  meridian,  will  appear  Iefs  than  they  ought  to  do  ;  quir<J  a  loneer 

and  too  much  fpace  on  the  furface  of  the  earth  will  of  confe-  ingorwefting  to 

quence  be  aftigned  as  the  meafure  of  a  degree.  In  this  way  correh)ond  wit^ 
Jt,'.  ,  .  rr\-n  an  .apparent  ce- 

D  is  made  too  great ;  and  wTe  may  luppote  the  circumltances  ieflial  arc, 

fuch  that  D,  on  going  north  or  fouth,  is  not  enlarged  in  the 


fame  proportion;  hence 


Dr  — d 

D' 


will  be  augmented,  and  of 


c 

courfe  -  will  be  reprefented  as  too  great.  This  explanation 
a 

may  perhaps  appear  very  hypothetical,  and  it  is  certainly  pro- 
pofed  merely  as  a  hypothefis.  It  is  a  hypothefis,  too,  that 
lays  claim  only  to  a  temporary  indulgence,  as  it  is  propofed 
at  the  very  moment  when  it  may  be  brought  to  the  trial,  and 
when,  by  a  further  continuation  of  the  furvey  toward  the jiorth, 
it  will  probably  be  determined  how  far  the  diftribution  of  the 
ftrata  of  this  country  affe&s  the  dire&ion  of  gravity.  It  will 
indeed  be  curious  to  remark  what  irregularities  take  place  on 
advancing  into  the  denfer  ftrata  of  the  north.  The  limeftone 
and  fandftone  ftrata  of  the  middle  part  of  the  iftand  will  fucceed 
fo  the  chalk  of  the  fouth,  the  primitive  and  denfer  ftrata  ftill 

1 2  occupying 
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occupying  the  weft,  at  leaft  at  intervals,  as  in  Wales,  Cum* 
berland,  and  Galloway.  Further  to  the  north,  that  is,  beyond 
the  Tay,  the  ftrata  became  entirely  primitive,  moft  of  them  of 
the  denfeft  kind,  and  in  the  interior  of  the  ifland,  with  a  very 
few  exeptions,  continue  the  fame  to  its  moft  northern  extre¬ 
mity.  In  the  furvey  of  Britain,  therefore,  feveral  fituations 
mu  ft  occur  where  the  plummet,  palling  from  lighter  to  denfer 
ftrata,  ought  to  give  indications  of  fome  irregularities  in  the 
direction  of  the  gravitating  force.  It  will  be  feen  hereafter 
howr  far  thefe  conjectures  are  verified  by  experience. 

(To  be  continued.) 
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IV. 


On  the  Determination  of  the  Length  of  the  Solar  Year.  By  Mr  2 

R.  Winter. 

lied  Crofs  Wharf  London- Bridge, 
\Zth  Jan.  1804. 

To  Mr.  NICHOLSON, 

SIR, 

Should  von  confider  the  following  communication  as  de- 
ferving  a  place  in  your  valuable  Journal,  by  inferting  it  yoot 
will  oblige 

Your’s,  &c. 

R.  WINTER. 

To  determine  the  precife  length  of  the  Solar  Year  is  an  ob¬ 
ject  of  primary  utility  in  aftronomy,  as  being  the  bafts  for  af- 
£ertaining  the  periods  of  all  the  moving  bodies  in  the  univerfe. 

Various  and  accurate  methods  have  been  given  for  deter-, 
mining  this  period;  but  as  the  following  unites  fimplicity,  to 
the  advanced  ftate  of  fcience,  thefe  charafters  may  render  it 
worthy  of  your  conftderation. 

Given,  the  time  and  place  of  the  fun  in  the  ecliptic,  and  thq 
time  of  its  returning  to  the  fame  place;  the  obliquity  of  the 
ecliptic  for  theprefent  time,  together  with  the  decreafe  there- 
of,  per  year,  to  find  the  length  of  the  folar  year. 

According  to  Ptolemy,  the  place  of  the  fun  was  Sagittarius 
‘22  5(//  anno.  130,  Dec.  13th»  lth*  3S®*  40**  (reduced  to 

tke 


NEW  METAL  IN  CRUDE  PLATINA,  &C. 


117 


(lie  meridian  of  London,)  its  return  to  that  place  in  1804  ac¬ 
cording  to  Mayers  tables  improved,  is  Dec.  13th.  0h*  19ra*  36* 
the  interval,  (allowing  for  biflextiles,  &c.)  is  611416°*  12h* 
40m*  56*’  which  divided  by  1674,  the  number  of  years,  gives 
363d*  3h*  49m*  42*'  Now  the  obliquity  of  the  ecliptic,  as  ob¬ 
served  by  Caffini  in  1635,  and  Flamftead  in  1689,  being  com¬ 
pared  with  that  obferved  by  Horntby  in  1772,  Malkelyne  in 
1769,  Bradley  in  1750,  and  Mayer  in  1756,  and  a  mean  of 
their  obfervations  taken,  will  give  for  the  decreafe  of  the  ob¬ 
liquity  of  the  ecliptic  59 7/  per  century,  or  35/.//4  per  year.  Ac¬ 
cording  to  thefe  calculations  the  obliquity  of  the  ecliptic  for 
1 304  will  be  about  23°  27  7  49";  then  as  the  fun  moves  over  this 
fpace  in  one  quarter  of  a  year,  fay  as  23°  27'  49'/  is  to  |  of  the 
given  year,  fo  is  the  decreafe  of  the  obliquity  of  the  ecliptic 
per  year  35/// 4  unto  55//,  which  taken  from  365D*  5h*  49m*  42® 
gives  for  the  length  of  the  folar  year  363d*  5h*  48ra*  47s*  and  the 
time  the  fun  moves  over  the  proceffion  of  the  equinoxes  is  20 
minutes  27  feconds,  which  being  added  to  the  folar  year  will 
give  365°*  6h*  9“  14s*  for  the  length  of  the  lidereal  year. 

But  by  afluming  £  of  the  year  thus  found,  and  working  as 
before,  it  will  give  the  length  of  the  year  more  accurately. 


V. 

ExtraSts  from  a  Letter  of  R.  Chenevix,  Efq.  F.R.S.from 
Drefden ,  to  Charles  Hatchett ,  Efq.  F.  R.  S.  containing  Infor - 
Tfiation  refpeFting  the  neve  Metal  contained  in  Crude  Flatina; 
j Beet  Sugar  ;  the  non- exi fence  of  Agufile  as  a  peculiar  Earth; 
and  a  Dcfcription  of  a  neve  Furnace  for  Chemical  Operations • 
Communicated  by  C.  Hatchett,  Efq . 

I  SUPPOSE  you  have  heard  of  the  new  metal  contained  in 
raw  platina.  Here  is  what  Berthollet  has  jult  wrritten  to  me 
upon  the  fubjeft : 

“  Des  Coftils  diflblves  raw  platina  in  nitro-muriatic  acid, 
and  precipitates  it  by  muriate  of  ammonia  at  leveral  times; 
the  fir  ft  portions  are  yellow,  the  laft  redder.  He  reduces  the 
red  precipitate,  and  obtains  an  alloy.  He  expofes  this  alloy  to 
a  current  of  oxygen,  and  a  blue  oxide  is  volatilized;  pure 
platina  remains  behind.  The  blue  fublimate  is  the  oxide  of  his 
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new  metal;  on  the  fame  day  Fourcroy  and  Yauquelin  read 
their  paper  at  the  Inftitute,  and  mentioned  limilar  experi¬ 
ments.  ” 

palladium  affert-  Van  Mons  writes  me  word  that  at  Paris  they  fay  that  it  is 
of'  the^cwm -t ?i  n0^  patina,  but  this  new  metal,  which  with  mercury  compofes 
with  mercury,  palladium;  but  that  has  very  little  to  fay  to  the  purpofe,  for  the 
lingular  thing  in  palladium  is,  not  what  regards  platina,  but 
what  regards  mercury,  and  the  fuftbility  of  the  combination. 
Befides  there  mull:  have  been  platina  in  my  palladium,  as  I 
took  the  metal  reduced  from  the  red  and  yellow  falls  indifcrU 
ruinate  Iy. 


Lan.judius. 


Manufacture  of  Lampadius  tells  me  that  he  has  made  feveral  hundred  weight 
beet  i by  0f  fUgar  f10m  the  red  beet;  but  the  manufactory  he  eftablifhed 
has  failed.  It  colt  him  within  two  gros  per  lb.  as  much  as  the 
common  fugar  of  equal  quality,  but  then  he  had  a  refiduum  tit 
for  fermentation,  which  was  clear  profit. 


Agufritc  is 
merely  phof- 
phate  of  lime. 


Muriatic  folu- 
tion  of  Saxon 
beryl  precip.  by 
amm.  gave  ph  >f. 
of  lime.  'I  bis 
was  decompnf-d 
by  fulph.  aciil  ; 
and  the  purifi  -J 
phofphoric  acid 
reduced  to  oc 
taa]  phjfphorus. 


I  had  made  fome  progrefs  in  the  analyfis  of  the  Saxon  beryl, 
when  I  received  a  letter  from  Berthollet,  in  which  he  told  me 
that  Vauquelin  had  found  the  aguftite  to  be  nothing  more  than 
phofpliate  of  lime.  I  continued  my  experiments  however, 
and  obtained  the  following  refults.  Having  boiled  muriatic 
acid  upon  the  pulverized  jnafs  which cqntains  the  Saxon  beryl, 
1  obtained  a  folution  of  the  pretended  aguftite.  I  precipitated 
by  ammonia,  and,  upon  examining  the  precipitate,  found  it 
to  be  phofpliate  c  lime.  To  have  no  doubt  as  to  the  phofpho- 
rjc  acid,  I  treated  1.5C0  grains  of  this  precipitate  with  half 
its  weight  of  fulphuric  acid,  waQied  the  mats,  and  evaporated 
to  drynefs.  I  re-dilfolved  as  much  as  was  foluble  in  diddled 
tta'ter,  and  faturated  the  liquor  by  ammonia.  By  evaporating 
once  more,  I  obtained  phofphate  of  ammonia,  which  I  de- 
compofed  at  a  ftrong  red  heat,  and  obtained  phofphoric  acid, 
which  gave  no  trace  of  fulphuric  or  any  other  acid,  or  of  any 
earth,  alkali,  or  metal.  I  mixed  this  with  pounded  charcoal, 
and  by  cl  iftidafion  in  a  ftrong  tire  obtained  a  confiderable  quan¬ 
tity  ol  phofphorus.  Thus  then  the  ftmple  earth  of  Mons. 
Trqmfdorf  is  phofpliate  of  lime. 


I  have 
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I  • 

1  have  conftru&ed  a  wind  furnace  here,  which  is  in  feme  re-  chemiol  fur- 
fpecis  to  be  preferred  to  the  ufual  form.  The  tides,  infiead  of  Gf  a  cone,  na™ 
being  perpendicular,  are  inverted,  fo  that  the  hollowfpace  is  py-  roweftabove. 
famidical.  At  the  bottom  the  opening  is  thirteen  inches  fquare,  tautfis  that  the 

and  at  the  top  but  eight.  The  per-  fueidefeends 
pendicular  height  is  17  inches.  hclp 

This  form  appears  to  me  to  unite 
the  following  advantages.  111.  A 
great  furface  is  expofed  to  the  air ; 
which,  having  an  eafy  entrance, 
rufhes  through  the  fuel  with  great 
rapidity.  2d.  The  inclined  Tides 
a  61  in  Tome  meafure  as  reverberating 
furfaces:  And  3d.  The  fuel  falls  of 
itfelf,  and  is  always  in  clofe  con- 
ta6t  with  the  crucible,  placed  near 
the  grate.  This  I  believe  to  be  the  principal  advantage.  The 
late  Dr.  Kennedy  of  Edinburgh,  whole  opinion  on  this  fubje£t 
claims  the  greatefi:  weight,  found  that  the  ftrongeft  heat  in  our 
common  wind  furnaces  was  within  two  or  three  inches  of  the 
grate.  That  therefore  is  the  moft  advantageous  pofition  for 
the  crucible,  and  hill  more  fo  when  we  can  keep  it  furrounded 
with  fuel.  It  is  inconvenient  and  dangerous  for  the  crucible 
to  flir  the  fire  often  to  make  the  fuel  fall,  and  the  pyramidical 
form  renders  this  unneceffary.  It  is  alfo  more  eafy  to  avoid  a 
fudden  bend  in  the  chimney  by  the  upper  part  of  the  furnace 
advancing  as  in  this  confiru&ion.  a  is  a  grate;  c  and  c  are 
two  bricks,  which  I  can  let  in  at  pleafure  to  diminitb  the  ca¬ 
pacity  ;  b  is  another  grate,  which  I  can  place  upon  the  bricks 
c  and  c  for  fmaller  purpofes  ;  d  and  d  are  bricks  which  I  can 
place  upon  the  grate  b  to  diminith  the  upper  capacity,  fo  that 

in  fa6t  I  have  four  different  fizes  in  the  fame  furnace.  I  have 

$ 

had  feme  very  firong  fires  in  ufing  the  whole  capacity  from  the 
grate  a  to  the  top  e  without  the  bricks  c  and  c  ;  but  I  am  at  a 
lofs  for  our  good  Englifli  coaks.  The  bricks  have  all  been 
ground  dow  n  to  the  flope  of  the  furnace  and  fit  in  with  toler¬ 
able  accuracy.  They  are  totally  independent  of  the  pyrami- 
riical  form,  Sic,  of  the  furnace. 


Account 
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VI.  . 

Account  of  an  Experiment  to  imitate  the  Damafcus  Sword  Blades , 
In  a  Letter  from  Mr.  James  Stodart. 

To  Mr.  NICHOLSON, 

Dear  Sir, 

On  fword  blades  HaVING  lately  had  an  opportunity  of  examining  fome 
in  general.  fword  blades,  which  appeared  to  be  defective,  I  was  induced 
vpen  cefedive.  to  make  the  following  experiment.  The  fubjeCt  is  furely  ot 
fome  importance,  and  perhaps  never  more  fo  than  at  the  pre- 
fent  moment.  We  hear  of  fwords  having  broken  in  battle, 
and  we  can  hardly  imagine  a  more  difireffing  circumfiance, 
Thofe  which  I  have  feen  are  certainly  in  no  danger  of  failing  in 
that  way,  for  on  the  contrary  they  are  evidently  too  foft,  anil 
confecjiiently  cannot  form  a  good  cutting  edge.  I  am  not  ac¬ 
quainted  with  the  procefs  ufed  in  making  fword  blades,  but 
am  inclined  to  fufpccl  that  the  price  allowed  is  not  equal  to 
Experiment.  the  labour  necetfary  to  form  a  good  inftrument.  The  following 

Steel  and  iron  method,  which  I  believe  to  be  nearly  the  fame  as  that  praclifed 
bars  were  welded  r  .  .  ,  _  -  r  _  ,  ,  .  ‘  ,  , 

together.  at  Damalcus,  but  which  I  kilpect  would  be  too  difficult  and 

expenfive  tor  general  application,  may  perhaps  lead  to  fome 

more  fimple  method  of  accompliihing  the  defired  purpofe.  I 

took  fix  fmall  bars  of  good  malleable  iron,  and  the  fame  number 

of  flieer  flee],  and  laid  them  one  on  another  alternately,  as  if 

forming  a  galvanic  pile;  I  then  with  the  aflifiance  of  an  expert 

workman,  committed  them  to  a  clean  forge  fire,  and  with 

forged  out.  care  we  fucceeded  in  welding  them  into  a  folid  lump.  This 

was  forged  into  a  flout  flat  plate,  which  being  heated  towhite- 

Twirted,  fi*t-  nefs,  was  by  means  of  flrong  tongs  twiffed  fpirally  until  it 

tened,  a.d  n  formed  a  cylindrical  tube.  In  this  twilled  fiate  it  wfas  heated, 
welded  and  nam-  J 

mered  flat.  hammered  flat,  and  again  welded,  and  after  being  forged  into 

a  convenient  form  and  fubffance,  was  doubled  throughout  its 

whole  length,  fomewhat  in  the  manner  of  the  back  of  a  faw. 

An  edge  of  fleet  a  flip  of  good  Heel  was  inferted,  and  another  welding  heat 
was  welded  into  .  ,  ...  r  ..  ,  ,  ,  ,  ,  _  ° 

a  back  i*  the  taken,  w  hich  eonlolidated  the  whole  mafs.  I  need  not  fay 

compound.  this  flip  of  fleel  was  intended  for  our  edge.  The  remaining  part 

of  the  procefs  was  fimple;  it  confified  only  in  forging  it  into 

the  fliape  of  the  blade  we  wanted;  which  on  examination 

proved  perfectly  found  in  every  part,  hieing  eager  to  wilnefs 

fume  proofs  of  excellence  and  beauty  which  my  expectation 

hacl 
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had  anticipated,  I  too  hadily  and  without  due  confideration 

proceeded  to  harden  it  by  heating  and  quenching  in  water; 

and  had  the  misfortune  to  fee  it  cracking  in  (even  or  eight  dif-  Itcrac’eeJ  in 

ferent  places.  I  have  no  doubt  this  was  occafioned  by  the  un-  hjrden!n£- 

equal  expanfion  and  fubfequent  contraction  of  the  different 

parts  of  the  mafs.  In  my  next  trial  I  fhall  guard  againd  this 

accident.  Enough  however  remained  found  to  prove  it  both  _ _ but  promife* 

good  and  beautiful;  the  edge  bears  the  fevered  trials  at  the  wel1* 
fame  time  that  the  whole  blade  has  fufficient  tenacity.  I  have 
polifhed  a  part  of  it,  and  by  applying  a  weak  acid,  produced 
an  appearance,  which  though  by  no  means  equal  to  the  beauty 
of  what  is  called  the  Damafcus  water,  leaves  me  little  reafon  The  Damafcus 
to  doubt  of  accomplifhing  that  appearance  in  my  next  trial.  ^ater* 

My  intention  is  to  multiply  my  pieces  of  metal,  to  repeat  the 
procefs  of  twilling,  and  certainly  not  again  to  quench  in  water. 

I  Hi  all  take  the  liberty  to  tranfmit  to  you  an  exact  account  of 
my  next  experiment,  and  if  fuccefsful,  to  accompany  it  with 
a  (ample  of  the  metal  formed  into  a  blade  of  force  kind  or  anr 
other.  I  am  with  much  refped. 

Dear.  Sir, 

Your  obedient  fervant. 


Strand ,  Jan.  19 ihy  1801. 


J.  STODART. 


P.  S.  Why  is  the  appearance  produced  on  Damafcus  fleel  Inquiries  con- 

by  the  application  of  an  acid  called  the  water?  Is  it  not  dif-  ^rnm»  the 
J  1  1  m  m  #  Damafcus  water 

ferent  degrees  of  oxidation  ?  *  and  what  is  the  acid  bed  fitted  upon  fteek 
to  produce  this  appearance.  I  had  a  paper  given  me  fome  ten 
years  ago  on  this  fubjecl,  by  a  gentleman  whofe  name  I  do  not 
know*.  Unfortunately  I  have  miflaid  it. 

In  addition  to  what  you  have  publitlied  on  the  fubjecl  in  your 
valuable  Journal,  pray  furnifh  us  with  any  other  fads  that  may 
have  come  to  your  knowledge  dnce  that  period.  The  fubjed 
appears  to  me  to  be  worthy  of  philofophical  relearch,  and 
perhaps  of  national  encouragement. 

*  I  have  always  fuppofed  fteel  to  be  lefs  readily  foluble  than  pure 
iron;  and  that  the  carbon  which  is  feen  on  the  face  of  the  former 
during  the  procefs  of  damatking,  defends  it  from  the  acid,  while  the 
fibres  of  iron  are  etched  by  corrofion  fo  as  to  exhibit  the  peculiar 
waving  lines  of  this  operation,  N. 
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* 

Later  from  a  Correjpondent  on  tjtc  Effcfts  of  Thunder  on  ferment* 
ing  Liquids;  the  Chemical  A  ft  ion  of  Sound ,  and  Tremulous 
Motions ,  with  other  Obfervations. 

Newcajlle ,  Dec.  16,  1803, 


To  Mr.  NICHOLSON. 

SIR, 


Changes  pro¬ 
duced  in  beer 
and  in  cream  by 
thunder. 


Suppof»d  pre¬ 
ventative  re¬ 
medy. 


The  effeft  fup- 
pofrd  to  arife 
from  ti  emulous 
action. 


Conversation  ;s  certainly  one  of  the  mod  dcdrable 
means  for  the  increafe  and  dillemination  of  knowledge,  what¬ 
ever  defeription  it  may  be  of,  and  if  the  following  remarks, 
arifing  from  an  accidental  converfation  with  a  fcientific  friend, 
be  not  altogether  unworthy  of  your  notice,  you  may  make 
what  ufeof  them  you  think  proper;  and  if  thought  worthy'-  of 
being  prefented  to  the  public,  you  are  at  liberty  to  make  any 
necedary  alteration  in  the  bile  that  will  render  them  more  wor¬ 
thy  of  the  honour  I  foheif. 

It  has  been  obferved,  to  often  indeed,  that  it  has  aimed  be¬ 
come  a  popular  remark,  that  the  noife  of  thunder  produces  a 
furprifing  change  on  beer,  and  on  cream:  the  drd  becoming 
four,  and  the  lad  rancid,  when  they  are  agitated  by  this  extra? 
ordinary  found.  It  has  alfo  been  obferved,  I  believe,  that  the 
effects  of  thunder  on  malt  liquors  may  be  prevented  by  laying 
a  cord  over  the  cafk,  at  each  end  of  which,  a  done,  or  other 
hard  and  ponderous  fubdance  is  fufpended  and  kept  in  contact 
with  theoutfide  of  the  vefiel  containing  the  liquid  liable  to  be 
a  fi  e  died  by  this  kind  of  noife. 

Now  we  may  be  able  to  form  fome  judgment  of  the  manner 
in  which  thefe  liquids  are  affected,  by  attending  to  the  tremu¬ 
lous  motion  produced  on  thofe  glades  called  bilging  and  mud- 
cal  glades,  when  the  furface  of  the  fird  is  agitated  by  the  breath  ; 
and  the  liquid  in  the  laft  by  the  vibration  produced  by  the  finger 
drawn  along  the  rim  of  the  glafs,  which  varies  in  its  tone  in 
proportion  to  the  quantity  of  liquid  it  contains.  In  the  courfe 
of  the  tone  or  found,  if  the  glafs  be  preded  with  the  finger,  the 
found  either  ceafes  or  is  confiderabiy  diminifiud,  and  upon  ap¬ 
plication  of  the  finger  at  the  commencement  of  the  found  it 
will  be  evidently  felt  that  both  the  glafs  and  the  liquid  are  in  ^ 
date  of  agitation,  and  that  this  agitation  ceafes  or  bops  when 
the  agitated  bodv  is  touched  by  another  in  a  quiefcenl  date. 

This 
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Tins  tremor,  fo  communicated,  may  in  mv  opinion  be  the  Which  may  pro¬ 
commencement  ot  that  infenfible  or  rather  imperceptible  agi-  dllce  thc  c®mT. 
tation  neceffary  to  the  production  of  the  different  fiat.es  of  fer-  the  fermentative 
mentation,  which  when  once  began,  may  be  continued,  pro-  aS‘Catian* 
yided  tho  circum Trances  of  temperature,  Stc.  be  equally  fa¬ 
vourable  as  at  drfi.  Now  we  perceive  that  this  motion  ispro^ 
duced  by  found;*  and  a  lonorous  body  lofes  this  vibration  on 
being  touched,  and  the  found  itfelf  of  courfe  ceafes.  In  like 
manner  the  intefiine  motion  ariting  from  the  vibration  occaiion- 
ed  by  the  noife  of  thunder,  being  prevented  from  taking  place 
by  the  contaCt  of  the  fufpended  liones  with  the  Tides  of  the 
cafk,  the  enfuing  fermentation  cannot  commence,  and  the  beer 
is  prefervod  from  running  into  the  acetous  fermentation. 

this  infenfible  motion  is  alfo  neceffary  to  aflid  the  abforb- 
tion  of  oxygen,  without  which  neither  beer  can  grow  four, 
nor  can  cream  become  rancid ;  for  violent  agitation  will  not 
produce  the  like  effeCt  even  though  accompanied  or  afiided 
with  the  neceffary  increafe  of  temperature. 

It  was  alfo  obferved  by  the  gentleman  with  whom  I  was  con-  Decompofitlon 
verting  on  this  fubjeCt,  that  butter  by  being  over  much  wafhed  water  or  air 
or  w'rought  in  water  lofes  confiderably  of  its  yellow  colour,  ° 
and  acquires  in  a  great  meafure  the  palenefs  and  confidence  of 
tallow.  It  might  be  worth  while  to  make  fome  experiments 
in  this  way,  how  far  animal  oils  or  fat  are  capable  of  decom- 
pofing  atmofpheric  air  or  water.  The  circumdanees  necef¬ 
fary  to  determine  the  mutual  change  on  each,  are  agitation,  and 
a  frequent  change  of  furface.  The  abforption  of  oxygen 
would  take  place  in  both  cafes,  the  refiduum  of  atmofpheric 
air  being  azotic  gas,  and  that  of  water  hydrogen  gas.  I  had 
found  by  experiments,  and  that  fome  time  before  I  faw  the 
circumffance  publicly  noticed,  I  may  fay,  even  before  the  new 
theory  of  chemidry  was  promulgated,  that  the  union  between  Rancid  oils  corn- 
mercury  and  the  fat  with  which  it  was  combined  in  the  com-  bine  better^ with 
pofition  of  the  ointment,  became  much  more  intimate  and 
perfect  on  being  kept  for  fome  time,  and  that  the  rancidity, 
which  I  thought  arofe  from  the  developement  of  fome  peculiar 
acid,  was  prevented  from  becoming  fenfible  by  that  acid  being 
abforbed  by  the  metal.  From  this  circumdance,  and  from  this 
.Tippodtion,  I  was  led  contrary  to  the  directions  and  commands 

*  I  mean  among  other  caufes  producing  it* 


of 
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of  the  Royal  College  of  ’Pliyficians,  to  ufe  a  little  rancid  fat 
or  oil,  in  order  to  facilitate  inv  labour  and  favour  my  indolence, 
and  i  was  agreeably  furprifed  at  my  fuccefs.  The  College 
order  the  pureft  and  tweeted  fat  to  be  ufed;  neverthelefs  the 
utinoli  diligence  and  care  in  rubbing  the  mercury  with  it  does 
not  produce  fuch  an  accurate  combination  at  fird  as  is  accom- 
plithed,  after  being  let  by  for  a  week  or  two,  and  this  my  be 
made  evident  by  comparing  two  fpecimens  of  ointment  made 
with  equal  care  and  diligence,  the  one  being  quite  recently 
finifhed,  and  the  other  having  afterwards  been  kept  undidurbed 
for  two  or  three  weeks. — I  merely  offer  thefe  hints  for  the  con- 
dderation  of  wifer  heads  than  mine,  and  fhould  they  with  this 
view  be  honoured  with  a  place  in  your  valuable  repodtory, 
your  indulgence  will  be  mod  refpeCtfully  acknowledged  by 

Sir, 

Yours,  &c. 

NORTHUMBRIENSJS. 


VIII. 


Defcnption  of 
the  machine. 

The  plate. 


Inrproi  tincnt  of  the  Lh&rical  Machine,  chiefly  with  rcfpcSt  to  the 
Rubbers;  by  Mr.  Wolff,  of  Hanover*, 

MY  ele&rical  apparatus  is  a  plate  machine,  conflruCted  on 
the  plan  of  that  defcribed  by  Van-Marum  f,  with  a  few  flight 
alterations,  which  are  principally  in  the  rubbers.  The  plate 
is  eighteen  inches  in  diameter,  and  the  piece  of  wood,  which 
receives  the  ferewthat  fadens  the  plate  to  the  axis,  is  an  inch 
and  half  in  diameter.  The  rubbers  (at  the  extremities  of 
which,  toward  the  axis,  are  dicks  of  black  fealing-wax, 
rounded  at  each  end,  and  overhanging  or  projecting  on  three 
ddes)  are  in  contact  with  the  glafs  for  the  length  of  5}  inches. 
Confequently  the  diftance  from  the  circular  or  central  piece 
ol  wood  to  the  rubbers  is  2\  inches,  to  which  extent  the  plate 


*  From  Gilbert’s  Anrakn  der  Pbyfick ,  1802,  No.  13.  p;  601. 
t  Obfernsaticns  fur  la  Phyfque,  Vol.  38.  p.  437.  or  Philofophical 
Journal,  4 to.  Series,  No.  2, 
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js  coated  on  both  tides  with  a  fofficient  thicknefs  of  varnifh  *. 

The  bow  ot  the  conductor,  which  confiffs  of  a  ball  fix  inches  The  con.lu&o? 
in  diameter,  to  which  is  added  a  moveable  tube  with  feveral 
fitting  pieces  that  terminate  in  balls  of  different  fizes,  had  at 
firft,  at  each  of  its  extremities,  as  in  Van-Marum’s  machine, 
a  brafs  cylinder  three  inches  long  and  one  inch  thick,  with 
an  hemifphere  at  each  end.  But  as  conductors  of  this  con- 
jffruCtion  are  liable  to  difcharge  tbemfelves,  on  account  of  the 
fmali  diameter  of  their  hemifpheres,  even  before  they  have 
received  their  full  charge,  I  have  preferred  putting  one  brafs 
ball  three  inches  in  diameter  on  the  upper  end  of  the  fuperior 
conductor;  and  another  on  the  lower  end  of  the  inferior  con¬ 
ductor.  Thefe  balls  likewife  ferve  the  purpofe  of  collecting 
the  fluid  excited  at  the  extreme  parts;  for  the  balls,  both 
above  and  below,  projed  conflderably  beyond  the  thicknefs 
of  the  plate,  and  prevent  the  efcape  of  the  fluid  as  much  as  is 
pofiible,  particularly  in  a  machine  lefs  high  in  proportion  than 
that  of  Van-Marum.  The  conductor  is  only  4~  inches  diftant 
from  the  table,  confequently  only  half  the  diffance  of  Van- 
Marum's  ;  yet  the  fluid  does  not  efcape,  till  the  condudor  is 
overcharged.  The  efcape  of  the  fluid  is  prevented  likewife  The  efcape  of 
by  an  infulating  fquare  of  glafs  42  inches,  made  rough  and  gpjfsphte  pbeetS 
coated  with  copal  varnifh,  which  is  placed  on  the  table  beneath  on  the  table  be  - 
the  lower  condudor,  its  three  fhort  feet  being  let  into  the 
table.  This  fquare  of  glafs  may  be  ufed  on  feveral  occafions 
es  an  infulating  fland. 

The  four  rubbers  are  made  of  dry  walnut  wood  foaked  in  The  rubbers 
$mber  varnifh,  and  are  5J-  inches  long,  if  broad,  and  a  little  bribed, 
more  than  \  of  an  inch  thick.  The  metallic  plate  that  com¬ 
municates  with  the  leather  covered  with  amalgam,  is  only  an 
If  inch  broad,  and  is  fixed  externally  to  the  centre  of  the  piece 
of  wood.  The  rubbers  are  prefled  toward  the  glafs  by  means  of 
a  fpring.  They  are  covered  with  a  piece  of  thick  woollen, 
upon  which  is  a  piece  of  fine  neat's  leather.  After  the  leather 
is  faffened  to  the  wood,  it  is  wetted,  and  prefled  between 

*  This  varnifh  is  compofed  of  copal,  two  ounces;  gum  fanda-  Amber  varnifh 
rac,  one  ounce;  white  amber,  one  ounce;  olibanum,  half  an  citing  the 
ounce  ;  powdered  and  diflolved  in  one  pound  of  alcohol  by  digef- 
tion  in  a  glafs  matras.  When  the  folution  is  perfectly  cold,  it  is 
paHed  through  the  filter, 

two 
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two  boards,  where  it  is  kept  till  it  is  again  dry.  Thus  it  is 
rendered  very  flat,  and  its  edge  very  {harp,  and  all  its  parts 
will  apply  to  the  furface  of  the  glafs.  This  piece  of  leather 
is  covered  with  another  a  little  broader,  the  rough  furface  of 
which  is  towards  tha  glafs,  and  its  lower  edge  on  the  fide  to- 
waids  which  the  plate  moves;  and  its  upper  edge  on  the 
other  fide  from  which  the  plate  moves,  being  likewife  very 
iharp.  The  piece  of  filk  is  applied  with  accuracy  to  this 
leather.  Before  it  is  faftened  on,  it  is  heated,  and  befmeareJ 
firft  with  butter  of  cacao,  then  with  a  large  quantity  of  Kien- 
mayer’s  amalgam*;  and  after  it  is  faftened  on,  it  iscompreffed 
in  conjunction  with  the  wood,  or  prelfed  ftrongly  againft  the 
machine.  The  leather  is  next  covered  with  amber  varnifh, 
amalgam  is  fpread  over  this,  and  after  the  varnifh  is  dry,  it  is 
fmoothed  with  a  bur..  ier.  This  is  repeated  feveral  times. 
The  whole  being  very  dry,  and  the  rubber  being  prefled  fo  as 
to  touch  the  glafs  in  all  points,  the  leather  coated  with  amal¬ 
gam  is  covered  with  a  piece  of  fine  white  paper,  as  long  as 
the  leather,  and  half  an  inch  broader,  fo  as  to  cover  the  feam 
that  faftens  the  filk  to  the  leather,  and  the  paper  is  faftened 
to  the  wood  above  or  below,  accordingly  as  it  is  on  the  afeend-' 
ing  or  defeending  fide  of  the  plate. 

Dry  paper  is  known  to  be  capable  of  acquiring  a  high  ftate 
of  electricity,  which  induced  me  to  try  this  fubftance  as  an 
immediate  rubber.  The  following  are  the  advantages,  that 
by  my  experiments,  repeated  and  varied  in  a  great  number 
of  ways,  I  have  found  paper  employed  as  a  rubber  to  poflefs 
over  every  other  known  fubftance. 

1.  The  glafs  is  not  rendered  dull  by  the  friction,  as  happens 
at  length,  and  by  frequent  ufing,  when  it  is  in  immediate 
contact  with  the  amalgam. 

does  not  become  2.  By  the  immediate  contact  of  the  amalgam,  the  glafs  fre- 
fiieaky,  quently  contra&s  ftreaks  here  and  there,  that  occafion  a 

circulation  of  the  fluid.  This  cannot  take  place  in  the  con- 
ftruction  I  propofe. 

3.  Neither  the  glafs  nor  the  filk  can  be  foiled.  It  is  well 
known,  that  the  cleannefs  of  the  glafs,  as  well  as  of  the 

nets  of  the  whole  rubber  and  the  whole  machine  in  general,  is  of  importance  in 
machine  ad¬ 
vantageous.  *  J  acid  t0  this  amalgam  as  much  filver,  as  the  mercury  can  dif- 

folvc  iu  conjunction  with  the  zinc. 

3  producing 


The  rubber 
covered  with 
fine  white 
paper. 


What  led  to 
this. 

Its  advantages. 


The  glafs  not 
rendered  dud, 


and  neither  It 
iior  the  filk  is 
foiled.  Clean 
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producing  an  intenle  degree  of  electricity.  It  is  true,  that  Rubbing  the 
it  has  heen  propofed  to  apply  the  amalgam  to  the  glafs  in-  intoad*of~ 
Head  of  the  rubbers;  but  the  greater  effeCt,  that  feems  to  be  the  rubbers  a  bad 
produced  by  this  lad  method,  is  only  apparent,  and  confiits  rue‘ll0Ll* 
entirely  in  the  circulation  of  the  fluid  on  the  glafs,  while  far 
from  exciting  or  accumulating  more  of  the  fluid,  this  proceB 
*ind  the  circulation  difperfe  it. 

4.  The  amalgam  on  the  leather  does  not  require  to  be  fie-  The  ama’gam 
quently  renewed.  The  dufi  of  the  amalgam,  that  is  depofited  c‘oes  n>  c!iul‘fi 
on  the  edges  of  the  paper,  is  injurious  only  when  accumulated  ing. 

there  in  lufficicnt  quantity  to  be  conveyed  to  the  glafs,  from 
■which  how'ever  it  may  eaflly  be  removed. 

5.  The  return  and  patfage  of  fparks  to  the  rubbers  are  The  return  and 
rendered  more  difficult,  as  the  paper  fufficiently  covers  the 

borders  of  the  rubbers,  that  are  turned  toward  the  axis.  more  difficult. 

6.  In  my  confiruCtion  the -rubbers  may  be  larger  than  in  the  The  rubbers 
tafual  way,  and  in  reality  they  are  larger  in  proportion  in  my  ma-  lonSer* 
machine  than  in  Van-Marum's.  No  fpark  pafles  the  axis.  Sparks  do  not 
unlefs  the  air  be  very  damp ;  for  the  fluid,  in  cafe  of  a  ftrong  t0  AX  '* 
accumulation,  flies  in  preference  to  the  oppofite  rubber  over 

a  quarter  of  the  periphery  of  the  glafs.  I  am  perfuaded,  that, 

by  adopting  my  confiruction,  the  rubbers  of  a  plate  of  32 

inches,  fuch  as  Van-MarunTs  is,  may  be  eleven  inches  in- 

Head  of  nine,  in  which  cafe  there  would  Hill  be  two  inches 

for  the  diameter  of  the  piece  of  wood  that  fallens  the  plate 

to  the  axis,  and  three  inches  for  the  difiance  from  this  piece 

to  the  rubbers;  which  I  think  would  be  fufficient  in  Lhefe 

circumfiances ;  and  the  fri&ion  being  on  a  larger  furface  of 

the  plate,  the  effect  mufi  naturally  be  much  greater.  I  lhall  Farther^tnais 

try  this  alteration  of  the  rubbers  on  large  plates  of  Bohemian 

glafs,  as  well  as  on  Englifh  cylinders  of  IS  inches  diameter, 

and  21  inches  long.  The  refult  I  have  already  obtained  with 

a  fmall  cylinder  gives  me  reafon  to  hope  much  more  complete 

fuccefs  with  a  large  one. 

7.  With  my  rubbers  the  friction  may  be  rendered  much  The  fn&Ion 
greater,  than  with  thofe  the  amalgam  of  wrhich  is  in  immediate  may  ,be  made 

b  '  &  much  greater, 

contact  with  the  glafs,  and  foils  it;  befides,  the  plate  turns  and  is  uniform, 
with  an  uniform  friction. 

8.  The  activity  of  the  machine  is  extraordinarily  increafed  The  adhvity  of 

by  this  confiruCtion.  The  greater  freedom  with  which  the  traordinarily  in¬ 
plate  creafed,  and 
why. 
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plate  moves,  even  under  a  greater  prellure,  and  he  papers 
preventing  the  glafs  from  being  toiled,  would  be  fufticient  to 
produce  this  eftedl ;  even  if  the  greater  prelfure  alone  did 
not  occafion  a  more  powerful  effect  than  can  be  obtained 
from  common  machines. 


IX. 


On  the  Cultivation  of  the  Sunflower ,  and  its  Advantages  ** 


The  fun  flower 
recommended  to 
cultivators. 


Seeds, 

have  two  va¬ 
rieties. 


Method  of  cul¬ 
tivation* 


Rainy  fcafons 

tad. 


j[  HE  funfiower,  hcliantkus  annuus  L.  is  faid  to  have  been 
brought  to  Europe  from  Peru.  There  are  two  fpccies,  one 
annual,  the  other  perennial:  of  thefe  the  latter  is  only  orna¬ 
mental,  but  the  annual  is  of  fuch  ufe  in  agriculture,  that  it 
deferves  to  be  made  known  to  our  readers. 

The  feeds  are  white,  gray,  or  blackilh  ;  but  this  difference 
of  colour  is  entirely  accidental,  as  feeds  of  either  colour  pro¬ 
duce  the  others  reciprocally.  There  are  two  varieties,  how¬ 
ever,  that  appear  to  me  permanent,  the  funfiower  with  a 
iinglc  ftem,  and  that  with  a  branchy  ftem,  which  is  lehr 
common. 

The  feed  fliould  he  (owed  in  fpring,  when  nothing  is  to  be 
apprehended  from  the  froff,  that  would  deftroy  the  young 
plants.  The  ground  fliould  be  well  broken  and  manured,  if 
you  would  have  an  abundant  crop.  You  may  fovv  broadcaft, 
and  afterward  thin  the  plants:  but  it  is  better  to  dibble  the 
leed,  placing  two  in  a  hole,  the  holes  a  foot  diftant,  and  the 
rows  two  feetafunder.  If  both  feeds  germinate,  the  weaker 
plant  fliould  be  pulled  up.  The  plants  fliould  be  weeded,  and 
the  earth  dug  up  between  the  rows  at  a  proper  time.  The 
height  of  the  plant  will  be  from  fix  to  nine  feet:  the  fialks  arc 
large,  feme  of  them  being  (even  or  eight  inches  in  circum¬ 
ference  near  the  ground.  It  flow'ers  in  July  or  Auguft,  and 
the  feeds  are  ripe  in  Autumn,  at  the  fame  time  with  Indian 
corn.  Rainy  feafons  deftroy  many  of  the  plants  :  the  foot  of 
the  ftalk  rots  in  the  ground,  the  leaves  fuddenly  dry  up,  the 
ftalk  breaks  of  at  the  root,  and  the  plant  dies.  A  few  funfhiny 
days  flop  the  progrefsof  this  difafter. 


♦  La  Decade  Plylofopbiyue,  No.  26.  June,  1803,  p.  307. 
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The  leaves  of  the  funflower  furnilh  abundance  of  agreeable 
fodder  for  cattle  :  they  are  gathered  in  fucceflion  without  any 
perceptible  injury  to  the  plant  ;  and  after  this  crop  of  ex¬ 
cellent  fodder,  you  may  expect  another  of  feeds,  that  is  very 
abundant.  Some  (talks  afford  not  lefs  than  ten  thoufand.  The 
beft  mode  of  gathering  them  is  to  cut  the  llower  ftalks,  and, 
as  the  calyx  is  very  thick,  to  hang  them  up  in  an  airy  place, 
that  they  may  dry  fpeedily. 

When  they  are  in  flower  bees  flock  to  them  from  all  quarters 
to  gather  honey. 

The  feed  is  rather  farinaceous  than  oily,  which  they  who 
have  attempted  to  exprefs  oil  from  them  did  not  confider.  It 
is  true,  that  oil  may  be  extracted  from  them,  but  in  quantities 
too  fmall  to  make  it  worth  while  to  cultivate  the  plant  for  this 
purpofe. 

But  if  the  feeds  of  the  fubftance  be  incapable  of  affording 
oil  with  advantage,  they  are  valuable  for  feeding  animals 
commonly  kept  in  the  country*  They  are  perfectly  well 
fui ted  to  fheep,  pigs,  and  other  animals  ;  but  they  produce  a 
more  ftriking  effect  on  poultry.  For  thefe  no  food  is  more  pro- 
fi  table,  or  occalions  them  to  lay  more  eggss. 

The  dry  ftalks  burn  well,  and  afford  very  good  afhes  for 
lye,  becaufe  they  contain  a  great  deal  of  alkali.  In  fliort, 
from  the  eafe  with  which  it  is  cultivated,  the  abundance  of 
its  produce,  and  the  change  it  makes  in  crops,  the  funflower 
may  be  confidered  as  a  new  fource  of  wealth  to  the  farmer. 


The  leaves  are 
excellent  fodder. 


Mode  of  gather¬ 
ing  the  feed. 


Bees  fond  of  the 

flowers. 

The  feed  affords 
oil,  but  in  fmall 
quantities. 


Good  food  for 
flieep,  pigs, 


particularly  for 
poultry  5  pro¬ 
moting  their 
laying. 

The  ftalks  burn 
well,  and  affoid 
much  alkali. 


X. 

Chemical  Examination  of  a  new  Vegetable  Salt,  and  of  a  new 
Acid  difeovered  in  it :  by  Klaproth*. 

HP 

jL  HE  vegetable  production,  which  forms  the  fubje6t  of  the  Hotclimatfes 
prefent  examination,  affofds  a  frefh  proof,  that  hot  climates  ^ble^produafof 
have  not  only  a  great  influence  on  the  elaboration  and  par- cold,  and  create 
ticiilar  modification  of  a  great  number  of  vegetable  fub*ne'v  oncs* 
fiances,  but  that  they  caufe  productions  to  be  formed,  the 
leaf!  veftige  of  which  is  not  to  be  found  in  the  fame  plants  in 
the  northern  regions, 

#  Scherer’s  Allege  mein  es  Journal  derCbetnk >  1803.  No,  55.  p*  E 
Vol,  VII,— February,  1804,  &  This 


NE\V  VEGETABLE  SALT. 


S.cily . 

External  charac¬ 
ters. 


Tafts. 


Efr'sdk  of*  he3t. 


Lixiviation 
aiTords  a  light, 
pj'e  fair,  in- 
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A  iv;nc  mil's  This  production  confifts  of  a  faline  mafs,  excluded  from  flic 
"  iTnul-  trunk  of  the  white  mulberry,  morns  alba  L.  which  was  oblerv- 
b~'  rv  tree  ia  ed  and  gathered  by  Mr.  Thompfon,  in  the  botanical  garden 
at  Palermo. 

The  faline  mafs  in  its  native  fait,  as  found  on  the  furface 
of  the  bark,  has  the  appearance  of  a  coating  in  little  gramulous 
drops  of  a  yellowifh  and  blackiili  brown.  The  fubftance  of 
the  bark  is  equally  penetrated  with  this  fait. 

The  firft  property  by  which  it  is  difiinguifiied  is  its  tafte, 
which  comes  neared  to  that  of  the  fuccinic  acid. 

On  burning  coals  this  fait  fwells  up  flightly,  emiting  a  vapour 
fcarcely  perceptible  to  the  eye,  but  irritating  the  organ  of 
fmell,  and  leaves  a  flight  earthy  refiduum. 

To  leparate  the  fa.lt,  lix  hundred  grains  of  bark  loaded 
with  it  were  cut  off',  and  lixiviated  with  a  lufficient  quantity 
radiating  ieedles;Of  water.  The  lixivium,  which  was  of  a  brownifb  red  colour 
nor uc.Kjueicent.  was  filtered,  and  evaporated  for  crylfallization  ;  when  three 
hundred  and  twenty  grains  of  a  light  fait  were  obtained,  re-» 
fembling  in  colour  a  pale  wood,  and  compofed  of  fhort  needles 
united  in  radii,  and  not  attracting  the  moilfure  of  the  air. 

J  hough  thefe  cryftals  do  not  form  till  the  lixivium  is  greatly 
condenfed  by  evaporation,  the  fait,  neverthelefs,  belongs  to 
th.e  dais  of  thofe  that  are  little  (oluble  ;  for  1000  parts  of  water 
dilToIve  only  35  parts  with  heat,  and  15  parts  cold. 

The  folution  of  this  fait  was  not  rendered  turbid  by  the 
acetite  or  the  water  of  barytes,  which  poves,  that  it  contains 
i  prccipitat-  no  lulphuric  acid.  The  alcalinule  carbonates  precipitate 

Ct]  from  It.  r  ■  i  r  i  .1  *  1 

from  i(,  an  eartii  or  a  brown  wood  colour,  which  by  a  flight 
heat  is  calcined  to  vvhitenefs.  This  earth  diifolves  with  efter- 
vefeence  in  nitric  acid,  and  was  precipitated  from  this  folu¬ 
tion  in  the  form  of  fulphate  of  lime  by  means  of  fulphuric 
acid  ;  and,  in  that  of  oxalate  of  lime  by  oxalic  acid. 

i  he  folution  of  the  fait  readily  precipitates  acetite  of  lead, 
and  the  precipitate  formed  is  reduced  on  burning  coals.  The 
filver  and  mer-  nitrate  of  filvcr  was  precipitated  by  it  in  a  pale  brown,  light, 

and  finning  leales,  and  the  nitrate  of  mercury  in  whitifh 
flocks. 

Hence  it  con-  Thefe  experiments  indicate,  that  the  fait  in  queflion  is  a 

*  peculiar  vc-  neu  ral  la‘b  compofed  of  lime  and  a  peculiar  vegetable  acid, 
gr  ta>)  e  acid,  and  1  his  acid,  however,  was  combined  with  an  extractive  matter, 
ter.  v •  hicfi  n  ndered  the  precipitates,  that  otherwife  would  have 

been  white,  either  of  a  deep  or  pale  wood  colour. 

Fifty 


Little  folub:-:  in 
water,  though 
L>on  cryftalhza- 
blc. 


Contains  no 
fu'phjric  acid. 


Prcci  v.tates 
acetite  of’ lead, 
and  nitrate  of 
ver 
ry. 
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Fifty  grains  of  the  calcareous  fait  were  heated  to  incan-By  ftrong  heat 
tlefcence,  in  a  retort  communicating  with  the  pneumatico-^' !'Kiro<*ca 
chemical  mercurial  apparatus,  and  twelve  cubic  inches  ofgafes, — 
hidrogen  gas  mingled  with  carbonic  gas  were  obtained;  that 
burnt  with  a  ftrong  flame.  The  bulb  of  the  neck  of  the  re¬ 
tort  contained  an  acid  liquor,  on  which  fvvam  a  fluid  brown  aa  ac'^  hquor, 
oil,  both  together  weighing  feven  or  eight  grains.  The  re-^ a  brjw#n 
fiduum  in  the  retort  confided  of  a  fpongy  conglobulated  mafs  having  a  fpungy 
bf  a  pale  brown  colour,  interfperfed  with  coally  particles,  lcfiJuum> 

1  _  r  \  '  •'containing  lime, 

and  diffolved  in  nitric  acid  with  effervefcence.  This  folution,  and  a  carbona- 

being  filtered,  was  precipitated  with  carbonate  of  ammonia  ;  ceous  mattcr» 
when  21  grains  of  carbonate  of  lime  were  feparated.  The 
coally  matter  that  remained  on  the  filter  was  very  light,  weigh¬ 
ed  four  grains  and  half,  and  burned  on  a  tefl,  leaving  a  re- 
fiduum  of  a  quarter  of  a  grain  of  calcareous  earth. 

Another  portion  of  the  calcareous  fait  was  precipitated  by  By  carbonate  cf 

Carbonate  of  ammonia,  and  the  liquid  remaining  was  eva-  .ammon'a>  a  lalc 

7  *  #  °  in  long  llender 

porated  by  a  gentle  heat  to  cryflallize  it,  when  it  furnifhed  a  prifms  wasob- 
falt  in  long  and  flender  prifms.  tamed. 

The  liquor  left,  after  the  cryftals  were  feparated,  was  ex-  The  remaining 
amined  by  feveral  metallic  re-agents.  The  folutions  of  filver, 
mercury,  copper,  iron,  cobalt,  and  uranite  in  nitric  acid,  taliic  folutions, 
and  thofe  of  lead  and  iron  in  acetic  acid,  were  powerfully 
precipitated  by  it.  The  precipitate  of  copper  was  of  the 
colour  of  verdigris ;  that  of  cobalt  of  a  pale  reddilh  colour  ; 
that  of  uranite  of  a  yellowifh  colour;  that  of  iron  of  a  dull 
brown  ;  and  thofe  of  filver,  mercury,  and  lead,  of  a  bright 
brown  wood  colour. 

The  fame  liquor  was  rendered  (lightly  turbid  after  a  time  And  ^  re*  ; 
by  the  water  and  acetite  of  barytes,  the  muriate  of  tin  and  owing^oThe^ 
gold,  and  the  nitrate  of  nickel ;  but  thefe  precipitations  might  extractive  mat- 
be  the  effect  of  the  exlra&ive  matter,  that  adhered  to  the 
acid,  rather  than  of  a  combination  of  this  witli  the  metallic 
oxides. 

I  flia.ll  proceed  to  the  experiments  I  made  with  a  view  of  Expeiiments  to 
obtaining  the  acid  of  the  calcareous  fait  pure.  pure;11  ^  ^  ^ 

f  orty-five  grains  of  the  precipitate  obtained  from  the  de~  The  precipitate 

compolition  of  the  calcareous  fait,  by  the  acetite  oi  lead,  w,th  f'CGt'':c  r.’V 

were  mixed  with  afcruple  of  fulphuric  acid  diluted  by  a  drachm  :iI|phuricacid. 

of  water.  The  fulphate  of  lead  was  feparated,  and  the  liquor  Decompofed  by 
.  ;  ,  .  ...  ,  .  ..  .  r  fulphuric  acid, 

evaporated.  It  afforded  by  cryffalfization  thirty-four  grains  or 

acid  fait  in  fine  needles  of  the  colour  of  pale  wood, 

K2  In 
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\n 

Decompofed  by 
Su.phuric  acid. 


Has  the  tafte  of 
fuccinic  acid  ; 
is  not  ddiquef- 
cent,  difloives 
readily  in  alcohol 


In  the  fame  manner  thirty  grains  of  the  dry  calcareous  fait 
were  decompofed  by  twelve  grains  of  fulphuric  acid,  properly 
diluted.  The  fulphate  of  lime  being  feparated,  the  fame 
acid  fait  was  obtained. 

The  tafte  ol  fuccinic  acid  is  Hill  more  marked  in  the  acid 
itfelt.  The  acid  (alt  remains  dry  in  the  air ;  it  is  ealily  foluble 
in  alcohol  as  well  as  in  water.  It  does  not  precipitate  the 
and  does  not  pre-  OictiiiUC  lolutions  like  its  fait, 
cipitite  metallic  Twenty  grains  of  the  acid  fait  were  flightly  heated  in  a  fmall 

In  the  i etort  an  rctort*  Firfr,  a  couple  of  drops  of  an  acid  liquor  came 

acid  liquor  came  over,  the  tafte  of  which  was  perfectly  analogous  to  that  of  the 

colouricfs'nanf-  concrete  aoid.  Next  a  concrete  fait  arofe,  that  adhered  flat 
parent  cryftals  againft  the  top  and  part  of  the  neck  of  the  retort,  in  the  form 

fecial1  'rem  tuied  Pri^ma^c  cryftals,  colourlefs  and  tran fparent.  A  coally  re* 
fiduum  remained  in  the  retort. 

The 3Cid  adheres  •  * 

ftrongly  tc  the  A  faline  fublimation  was  not  obfervable  with  the 

calcareous  fait :  we  muft  therefore  conclude,  that  the  acid  ad¬ 
heres  ftrongly  to  the  lime,  and  cannot  be  feparated  from  it  by 
heat,  without  being  decompofed. 

The  acid  wafted  To  feparate  the  lublitned  fait  from  the  coally  refiduum,  the 
talliicd.  whole  contents  ot  the  retort  were  diftblved,  and  the  liquor 

filtered.  The  folution  was  perfe&ly  clear,  and  by  fpontaneous 
evaporation  depoftted  the  acid  fait  in  colourlefs  cryftals. 

beft'modTof  ob- •  * rom  appears,  that  a  gentle  fublimation  is  the  beft 

taining  it  pure,  mode  of  obtaining  the  pure  acid  fait,  and  freeing  it  from  the 
extractive  matter,  to  which  it  adheres  too  ftrongly  to  be  fe¬ 
parated  from  it  in  the  moift  way. 

Perhaps  may  be  The  fra  all  quantity  of  the  calcareous  fait  I  had  left,  did  not 
obtained  from  .  .  . 

mulberry  trees  a‘‘ovv  me  to  carry  tne  examination  as  far  as  I  could  havewifhed, 
in  this  climate,  in  order  to  determine  the  fpecific  characters  of  the  acid.  It  is 
poffible,  tnat  tne  mulberry  trees  in  this  climate  may  likewife 
furnifh  the  fame  fait,  and  I  fhall  proceed  to  inquire  into  this 
without  de’uy. 

taC  The  experiments  related,  however,  feem  fufficiently  to 
the  fait  mcroxy-  cftabhfli  the  point  of  the  acid  obtained,  being  a  new  vegetable 
hU  hm‘  acid,  which  comes  ncareft  to  the  fuccinic,  both  in  its  tafte  and 
Oiher  qualities.  \\  e  may  therefore  provifionally  give  it  the 
name  ot  moroxylic  acid,  and  the  calcareous  fait  containing  it 
that  of  ?noroxylate  of  lime. 


XI.  On 


woolf’s  rotatory  apparatus. 
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XI. 

O/?  A/r.  Woolf’s  Invention  for  equalizing  the  Aftion  of  a 
Crank ,  in  contradijlinftion  to  the  Eft: ft  of  the  Ely,  in  pro¬ 
ducing  an  uniform  Effect  againjt  a  variable  Refinance .  In  a 
Letter  from  Mr.  T.  Jones. 

To  Mr.  NICHOLSON, 

S  I  R, 

J  B  EG  Leave  to  fecond  Mr.  Farcy’s  requefl  for  an  expla-  Inquiry  refpeft- 

nation  of  the  fubflitute  for  the  fly  and  equalization  of  the  fubahutcfoTa  * 

action  of  the  fleam  engine,  in  producing  a  rotative  motion,  fly. 

given  in  your  valuable  work  for  November  laft :  or,  I  lhalL 

efleem  it  a  favour  if  you  can  direct  me  where  I  can  fee  it 

at  work  *.  It  appears  to  me,  that  the  inventor  has  loft  light 

of  the  value  of  that  organ  which  he  intends  to  fuperfede, 

and  that  he  has  not  applied  it  in  cafes,  where  a  machine  is 

required  to  produce  an  uniform  effect  on  a  variable  refinance, 

in  which  cafe  the  mere  equalifation  of  the  a6tion  of  the 

power  on  a  revolving  crank  would  have  no  value  at  all. 

The  belt  attempt  that  I  have  feen  to  unite  thefe  two  im-  Another  attenapt 
portant  points,  is  in  a  fteam  engine  erected  by  Mr.  Horn-effe(^t 
blower,  at  Meffrs.  Meux  and  Co’s,  brewery,  where  the 
a&ion  of  the  power  on  the  pin  of  the  crank,  may  have  been 
in  the  ratio  of  the  fines  of  each  refpe&ive  arc  in  its  revo¬ 
lution  round  the  arbor  of  the  fly,  I  fay,  <e  may  have  been 
and  I  wonder  it  was  not,  flnee  that  mode  of  communication 
would  have  fo  eafily  admitted  it, — theoretically  at  leaft : 
then  indeed,  a  very  light  fly  would  ferve  to  turn  the  crank 
paft  the  upper  and  nether  part  or  points  of  the  circle ;  but 
it  could  not  have  anfwered  in  regulating  the  unequal  refif- 
tance  which  is  found  even  in  grinding  malt,  or  pump  works  ; 
and  in  my  humble  judgment,  the  fly  mufl  for  ever  keep  its 
place  and  importance  with  every  judicious  mechanic. 

I  am,  in  much  bodily  indifpofition, 

S  I  R,’ 

Your  humble  fervant, 

T.  JONES. 

Surry  Road,  1th  January  1804. 

*  If  there  be  one  at  work  near  London,  I  have  no  doubt  but  Mr. 

Woolf  the  inventor,  who  is  refident  engineer  at  Meffrs.  Meux  s 
brewery,  will  readily  fhew  it.  N« 
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woolf’s  rotatory  apparatus. 


Farther  Remarks  on  Mr,  Woolf’s  Rotatory  Apparatus « 

Farther  accoi>»t  I  ]\T  order  to  render  the  effect  of  Mr.  Woolf’s  contrivance 

>•  Plate  XI.  Vol.  VI.  Npvember  1803.)  more  intelli- 
gible  to  my  readers  in  general,  I  fhall  here  explain  the  lame 
in  a  popular  way. 

I  will  fuppofe,  by  way  of  fimplifying  the  fubjebt,  that  the 
rod  B  is  lo  long  as  to  act  always  nearly  in  the  perpendicular, 
and  that  the  action  upon  the  final!  wheel  is  alfo  in  the  fame 

direction,  namely,  conflantlv  that  of  gravity.  The  en- 

» 

graver  has  omitted  to  continue  the  rod  of  the  pifton  fup- 
pofed  to  work  in  the  barrel  G,  and  the  proof  came  too  late 
for  it  to  be  altered  in  time.  The  effect  at  the  pin  F  in  the 
Jo  tic  wheel,  is  precifely  the  fame  as  if  a  weight  was  conti¬ 
nually  hanging  there.  1 

EfTeaofthe  1.  In  the  petition  here  fliewn,  the  power  of  the  engine 

wd^htTn  iiftc  ^l,cs  not  at  a*^  an(^  ^ie  at  F  has  ifs  full  operation, 

rent  portions.  — 2.  When  C  has  moved  through  half  the  quarter  circle  to 
the  right  hand,  F  will  have  arrived  at  the  Ioweft  point; 
confequcntly  the  power  of  the  engine  will  act  by  a  lever 
equal  to  the  fine  of  -lo°,  or  feven-tenths  of  the  radius:  or 
levcn-tenths  of  the  full  power  of  the  engine  will  then  a<5t 
on  the  great  wheel,  and  the  weight  at  F  will  not  act  at  all : 
— 3.  When  C  has  moved  through  an  entire  quadrant,  the 
power  of  the  engine  will  be  the  greateft  polhble  on  the 
great  wheel,  but  at  the  fame  time  the  weight  will  have 
arrived  at  the  horizontal  line  beneath  E,  and  will  oppofe  the 
former  action.  The  motive  force  will  therefore  be  equal 
to  the  excefs  of  the  power  of  the  engine  beyond  the  weight. 
4.  When  C  has  moved  through  another  half  quadrant,  the 
action  on  the  great  wheel  will  be  equal  to  feven-tenths,  as 
in  No.  2.  and  the  weight,  having  arrived  at  the  higheft 
point  will  not  ad  at  all.  5.  When  C  has  moved  through 
half  a  circle,  and  is  at  the  lower  flation  in  (he  great  wheel 
the  engine  will  not  act,  and  the  weight  having  arrived  again 
at  F.  will  have  its  full  operation  as  in  No.  1. 

There  are  four  Pur fuino  this  *imPIe  method  of  examination,  we  fee 

portions  n  that  1.  there  are  four  portions  in  which  the  arm  C  handing 

uc'wheightChaT  at  an  inclination  of  45u  to  the  horizon,  and  the  arm  F  per- 
iioefit&j  pc  ndiculur  to  tl.cl  amc,  the  regulating  weight  can  have  no 

effect. 
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effect,  whatever  be  its  meafure ;  the  aCtion  will  be  ef¬ 
fectual  to  feven-tenths  of  the  direCt  or  entire  aCtion  of  the 
arm  B  in  the  tangent  to  the  great  circle  ;  2.  that  when  the  two  in  which  the 
arm  C  is  either  perpendicularly  up  or  down,  the  regulating  ^e)ghta6tsby 
weight  alone  ads  in  the  fame  tangent;  3.  that  when  C  lies  and  two  in  which 
horizontal,  the  effective  force  will  be  the  excels  of  the  the  effeft  is  pro- 
power  of  the  engine  beyond  that  of  the  weight.  Since  excefs  of  the 
therefore  we  can  do  nothing  with  regard  to  the  four  lirff  power  beyond 
mentioned  pofitions,  we  have  only  to  coniider  the  four  fait,  "nc  w'lghc‘ 

/and  to  contrive  that  the  moving  force  (hall  be  the  fame  at 
the  top  and  bottom,  as  at  the  two  fides ;  or  in  other  words, 
that  the  weight  alone  [hall  be  equal  to  the  excefs  of  the 
power  of  the  engine  beyond  that  weight;  which  is  the  The  weight 

lame  thing  as  faying,  that  the  weight  mull  be  equal  to  halfraU!t  be  haif  the 

r*,  •  Power* 

the  power  or  the  engine. 

We-  fee  then  that  the  action  on  the  wheel  C,  will  vary  Variation  one 
from  feven-tenths  to  five-tenths,  four  times  in  every  revo-  ^e,nch, on  ea,ch 
lution ;  the  extreme  difference  being  therefore  two-tenths  a&ion. 
each  way  from  the  medium,  which  is  about  fix-tenths.  It 
may  not  perhaps  be  of  any  practical  value  to  difeufs  the 
gradation  by  which  the  increafe  and  diminution  of  the  op- 
pofite  aCtions  are  governed  ;  and  the  mathematical  reader 
will  eafily  fee  that  the  direCt  action  of  each  is  as  the  cofine 
of  the  angle  of  the  obliquity  of  the  radius  it  acts  upon.  Still 
lefs  does  itfeein  to  be  of  any  confequence  in  the  prefent  loofe 
view  of  the  fubject,  to  treat  of  any  affirmed  obliquity  of  the 
rods  of  communication. 

If  we  fuppofe  a  power  to  act  conffantly  and  uniformly,  Concerning  the 
but  with  alternations  of  oppofite  direction,  in  equal  times 
and  through  like  fpaces  ;  and  with  to  produce,  by  that 
aCtion,  a  rotatory  motion,  we  might  in  theory  obtam 
the  effect  by  a  double  fpiral,  known  by  workmen  by 

the  name  of  a  fnail:  but  the  difficulties  from  friCtion,  Snai'. 

% 

fhakc,  and  other  impediments,  would  in  many  indances 
render  the  conltruction  ineligible.  The  crank  is  the  moft  Crank, 
cheap,  eafy,  light,  and  practicable  means  of  producing  ro¬ 
tation  from  alternate  right-lined  motion  and  the  contrary  ; 
and  its  properties  are  too  well  known  to  require  difeuffion 
in  this  place.  Its  inequalities  demand  a  ffy,  whether  the 
power  or  the  re  lift  a  nee  be  uniform  or  variable  ;  and  I  do 
not  fee  any  ftrikiny  difference  between  Mr.  W  oolfs  con- 
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trivance  and  the  fly,  as  fai  as  concerns  one  tingle  revolu¬ 
tion,  whether  they  be  confulered  as  regulating  any  one  of 
thefe.  In  both,  the  furplus  power  is  employed  in  putting 
a  weight  into  a  fitualion  or  flatc  by  which  it  is  enabled  to 
give  back  (in  theory)  the  fame  furplus,  when  the  refinance 
becomes  greater  or  the  power  lefs.  But  if  the  whole  power, 
in  feveral  fucceflivc  revolutions;  fhould  exceed  the  refiftance, 
and  produce  acceleration,  the  fly  will  continue  to  accumu¬ 
late  momentum,  and  will  be  ready  to  give  it  out,  againft 
an  augmented  refinance  in  fucceeding  revolutions;  fo 
that  its  equalizing  power  extends  not  only  through  each 
tingle  revolution,  but  through  many.  I  do  not  perceive  this 
property  in  the  ingenious  contrivance  before  us. 


Coblcntz  bulk 
of  volcanic  (tone, 

from  the  neigh¬ 
bourhood  of 
Andernach. 

The  Roman  le¬ 
gions  faid  to  have 
been  driven  from 
their  camp  near 
Andernach,  by 
a  volcano. 

This  queftion- 
able. 

The  extindt  vol¬ 
canoes,  are  like 
thofe  of  Au¬ 
vergne,  of  un¬ 
known  date. 
Beyond  Ancter- 
nach,  river  le- 
dimcnt  inter¬ 
mixed  with  pu¬ 
mice  (bones  and 
volcanic  fands. 
Agemberg,  a 
frni'l  mountain 
the  welt, 


xri. 

Ohfervations  on  the  extinft  Volcanoes  in  the  Environs  of  CohlentZj 
by  the  Chevalier  de  Sade.  Tran  fluted,  from  the  originul 
Manvfcript,  communicated  by  the  Count  ^  Bournon. 

When  I  refided  at  Coblentz  in  1791,  the  volcanic 
hones  made  ufe  of  in  that  city,  led  me  to  inquire  whence 
they  were  procured.  I  was  foon  informed,  that  they  came 
iioni  the  neighbourhood  ot  Andernach  ;  and  the  clergyman 
of  that  place  acquainted  me,  that  the  extindt  volcanoes 
v  ere  near  Haach,  an  ahbey  of  Benedictine  monks,  three 
leagues  diftant.  i  his  worthy  gentleman  added,  that  he 
had  fomewhere  feen  it  mentioned,  that  the  Roman  legions, 
encamped  near  Andernach,  were  obliged  to  quit  their  poft, 
on  account  of  the  fire  Bluing  from  the  volcano.  Its  great 
dntance  from  the  fea,  made  me  ooubt  the  truth  of  this  ;  and 
my  own  ohfervations  have  convinced  me,  that  the  extinct 
volcanoes  of  this  country  are  at  length  as  ancient  as  thofe  cd' 
Auvergne,  the  date  of  which  is  unknown. 

Having  procured  a  guide,  and  directing  my  fteps  to- 
v^aid  tne  fouth,  I  had  fcarcely  quitted  Andernach,  before 
I  met  v\  Hn  river  lediment,  intermingled  with  pumice  fiones 
an  I  volcanic  lands.  Leaving  the  high  road,  I  proceeded 
tow  aid  a  linall  mountain  on  the  weft,  called  Agemberg. 

Tft 


ON  EXTINCT  VOLCANOES. 


137 

To  my  great  fatisfa&ion,  after  having  traverfed  pumice  A  quarry  of 

hones  and  volcanic  fcori.'K,  ■  arrived  at  the  foot  of  a  quarry  hewn  ftjne  -  and 

of  lava,  from  wiiich  hewn  llones  for  building  and  millhones  millftones  were 

were  taken.  This  quarry  was  wrought  in  the  open  air,  and  Wrorghc  in  -h ■» 

was  covered  with  a  bed  of  mould  about  eighteen  feet  deep,  open  air,  and 

The  thicknefs  of  this  hratum  demonhrates  the  high  anti- covered  Wltl1 
.  .  .  r  °  eighteen  feet  of 

quity  ot  the  volcano,  while  at  the  fame  time  it  prevented  mould, 
me  from  tracing  the  courfe  of  the  lava,  particularly  as  above  Above  it  fcatter- 
this  lava,  nothing  is  to  be  found  but  fcattered  blocks  and  fragments 
fragments  of  lava,  fcoriae,  and  pumice  hones.  I  went  to  lava,  fcoriae,  and 
the  top  of  the  mountain,  however,  in  hopes  of  difeovering  tum!Ce  llone* 
where  the  center  mignt  have  been ;  for  the  mountain  of  Agemberg  not 
Agemberg,  all  the  rocks  of  which  are  torrefied,  and  the  a  CTdter> 

r  r  r  ■  ,  ,  and  the  moun- 

itate  or  lcoriae,  was  not  a  crater.  1  he  mountains,  by  tajnSj  furround_ 

which  it  is  furrounded  on  the  weft,  appeared  to  me  to  be  ofinS  it,  of  the 
the  fame  nature,  without  any  indication  of  the  mouth  from  "1Knuuic* 
which  the  fire  iffued. 

The  fummit  of  mount  Agemberg  is  very  bare,  but  on  The  top  of 

defeending  a  few  paces,  I  found  a  very  pleafant  copfe.  A  buttle" 

narrow  path,  which  I  took  at  a  venture,,  led  me,  after  fomc  djwn  a  pleafant 

twenty  fteps,  to  a  grotto,  in  which  was  a  tomb,  with  an  ln  whlch 
.  .  °  .  ,  .  ,  is  a  grotto,  con- 

infeription  from  Job,  reminding  man  ot  his  nothingnefs.  taining  a  tomb. 

By  the  fide  of  this  grotto  is  another,  inhabited  by  a  hermit,  another  mhabit- 

with  a  table  of  volcanic  ltone  in  the  centre,  which  he  ufes  a  third  in  which 

for  different  purpofes.  A  little  higher  up,  I  difeovered  a  is  an  a,tar> a  pi~ 

third,  finaller  than  either  of  thefe,  containing  a  ruhic  altar  ;  fwTor  three  ^ 

on  one  fide  was  a  pigeon-houfe,  and  lower  down,  two  or  batons  of  water. 

three  little  bafons  of  water  bordered  with  (hells. 

I  quitted  this  mountain  with  regret,  to  traverfe  another.  Another  moun- 

which,  though  covered  with  wood,  feemed  to  indicate  the  trees  and  deep 

exiftence  of  a  crater;  but  I  could  perceive  no  trace  of  mould, 

one,  the  trees,  and  the  thicknefs  of  the  mould,  letting  me  biocltsoTlava^ 

fee  nothing  but  fcattered  blocks  of  lava  and  fcoriae.  and  fcoriae. 

My  examination  was  foon  finifhed,  and  I  refumed  the  In  the  roacJ ,t0 
J  a  tiis  abbev  ol” 

road  to  the  abbey  of  Haach.  In  this  I  found  nothing  but  Haach,  pumice 

pumice  hones,  lava;  in  fome  places  of  the  bafaltic  kind,  ftones,  lava,  in 

fcoriae,  a  few  fragments  of  hornftone  fchihus,  and  blocks  famc/lhoriae^' 

of  quartz;  all  fcattered  about  on  a  hratum  of  earth,  which  hornftone,  fchif- 

itfelf  was  compofed  merely  of  river-fand  and  pumice  Quartz, bl°Ck* 

ftone,  on  a  ftiatum  of 

The  r‘vei  ^anc* anc* 
pumice  flonei* 
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The  crater  fad 
L*  he  j  lake  near. 
Its  fit  nation 
hne. 

On  the  weft  fide 
in  ft  arc'll  of  dif¬ 
ferent  colours, 
then  hornftone, 
next  feattered 
blocks  of  lava. 
The  bank  a  poor 
meadow. 

On  the  north, 
blocks  of  lav.?, 
then  hornftone 
cleft  perpendi¬ 
cularly, 

and  laftiy,  a  fat, 
white  clay,  in- 
terfperfed  with 
blocks  of  lava 
and  hornftone. 
On  the  eaft, 
compadt  and 
porous  lava,  and 
the  mountain 
nearly  perpendi¬ 
cular. 

On  the  fouth  a 
level  meadow, 
and  a  Ihore  co¬ 
vered  with 
(hells. 

The  prevailing 
winds  N.  and 
N.  W. 


The  incumbent  of  the  village  belonging  to  the  abbey,  in* 
formed  me,  (hat  the  crater,  of  which  J  was  in  fearch,  was 
a  lake  near  his  parifh. 

The  fituation  of  this  lake  difplays  much  grandeur.  It  is 
furrounded  by  a  chain  of  mountains  covered  with  trees: 
its  fiiape  is  oval,  longed  from  noith  to  fouth  ;  and  it  requires 
near  two  hours  to  walk  round  it. 

The  weft  lide  offers  to  view  at  firft  nothing  but  a  fpacioua 
bed  of  argil,  divided  into  bands  of  di  fib  rents  colours;  after 
this  appears  a  fmaller  bed  of  horn  done ;  and  the  reft  exhibits 
only  fome  feattered  blocks  of  lava.  The  bank  is  an  indif¬ 
ferent  meadow. 

The  north,  tide  begins  with  fome  of  the  blocks  of  lava  j  all 
mentioned :  next  appears  a  pretty  extenfive  bed  of  horn¬ 
ftone,  the  very  numerous  fifiures  of  which  are  uniformly 
perpendicular  to  the  horizon:  and  a  little  farther  on,  is  a 
confiderable  bed  of  fat  clay,  as  white  as  fnow,  interfperfed 
w  ith  blocks  of  lava  and  hornfionc. 

On  approaching  the  eta  ft  Ihore,  nothing  is  to  be  found 
but  lava,  in  fome  places  compact,  in  others  porous,  and  the 
mountain  there  is  nearly  perpendicular. 

Laftiy,  on  the  fouth  lide,  the  ground  becomes  level,  and 
is  limply  a  meadow.  The  firand  is  covered  with  Ihells, 
partly  whole,  partly  broken ;  and  hence  I  conclude,  that 
the  prevailing  winds  in  this  diftrict,  are  the  north  and  north- 


The  lake  has  no 
apparent  influx 
of  water,  but  a 
rivulet  runs 
from  It  on  the 
lbuth. 

Varies  greatly  in 
depth,  more 
than  400  feet 

near  the  middle. 
Abounds  with 
nfli,  but  the  bot¬ 
tom  too  rock  v  to 
ufe  nets. 

The  abbey  built 
by  the  count  Fa- 
l.V'ne  in  109-;, 
he  h  i:?e  a) ?rn- 
cd  by  the  noc¬ 
turnal  appear 
*nce  of  fires  on 
the  mountains. 


weft. 

i  his  lake  does  not  appear  to  me  to  receive  water  in  any 
part :  yet,  on  the  fouth  it  has  an  outlet,  that  furnifhes  a  fmall 
brook,  watering  the  grounds  of  Medermich.  The  depth 
of  the  lake  varies  great!  v,  being  upwards  of  four  hundred 
feet  near  the  middle.  It  abounds  with  filh,  particularly 
pike;  but  the  blocks  of  ftone  feattered  over  its  bottom, 
lender  the  ufe  of  the  ivjt  nearly  impracticable,  fo  that  the 
line  is  almoft  exclufively  employed  tor  catching  them. 

The  abbey,  to  which  this  lake  belonged,  was  a  fpaejous 
building,  proclaiming  the  opulence  of  its  founder.  It  was 
built  in  1003,  by  Henry  count  of  the  Palatinate  of  the 
KhiiT',  and  lord  0}  this  lake.  Broverus,  in  his  annals  of 
I  reve'-,  fays,  that  the  phantoms  and  lights,  which  this  prince 
fawr  every  night  on  the  mountain*  around  him,  induced  him, 
to  erect  this  pious  foundation. 


I  wa^ 


ON  EXTINCT  VOLCANOES. 


I  39 

I  was  told,  that  the  outlet  I  have  juft  mentioned  was  arti-  Theprefentout- 

jficial,  and  made  fifty  years  after  the  building  of  the  abbey.  lct  JrCificij|» 

The  foundations  of  this  abbey,  having  been  funk  as  deep  the  natural  one 

as  the  outer  walls  are  high  above  ground,  had  obftrufted  the  bt,vl"g  been  ob, 

°  0  .  .  ftructed  by  the 

natural  outlet,  which  occafioned  the  water  to  rife  fo  high,  foundations  of 
as  to  inundate  the  convent,  and  render  it  ueceftary  to  form  tbe  abbey* 
the  prefent  channel,  in  order  that  it  might  run  oft’. 

The  face  of  the  ground,  however,  makes  me  doubt.  This  queftion- 
whether  the  lake  ever  flowed  over  on  the  tide  next  the  s* 
abbey  ;  for  to  a  eonftderable  diftance  it  rifes  there  uniform¬ 
ly  as  you  proceed  from  the  fhore.  It  appeared  to  me,  that as  lts  natural 
the  natural  outlet  muft  have  been  rather  on  the  fide  toward  probabl^nm^ 
Andernach,  through  fiflpres  on  the  mountain.  Neither  can  A'ndemach, 

I  believe,  that  this  lake,  if  we  may  judge  from  its  banks,  ^Tuies 

’  _  ’  J  J  ©  *  in  the  mountain. 

was  the  crater  of  a  volcano;  but  one  of  the  great  excava-  Neither  was  it  a 

lions  produced  bv  fome  earthquakes.  In  fact,  I  have  al-  ?Tf,er’  bu,t  pro* 
r  J  1  ■  .  bably  produced 

ready  laid,  that  the  ea ft  and  north-eaft  parts  of  this  lake  by  an  earth- 

were  volcanic  :  if  therefore  we  fuppofe,  that  the  fummit  ^uaIie* 

of  the  mountain  had  been  a  volcano,  its  bale  muft  necefta- 

rily  have  become  hollow,  and  in  this  ftate  of  things,  a  very 

flight  (hock  would  have  fufficed  to  break  the  arch  of  the 

vault,  or  the  cruft  that  covered  its  abylfes. 

We  need  not  wonder,  that  this  lake  is  always  full  of  Receives  water 

water,  though  it  appears  to  receive  none  in  anv  part ;  ftnce*rorn  ,the  fur* 

>  o  t  r  *  j  i  ’  rounding  moun- 

it  ferves  as  a  drain  to  the  furrounding  mountains,  which  tains, 
are  in  great  meafure  volcanic.  Its  water  is  very  limpid.  Very  clear,  and 
and  it  does  not  freeze  except  in  very  fevere  frofts.  Mar-  f°eeeSZe0t 
quart,  in  his  origin  of  the  Palatinate,  aflerts,  that  it  was  Formerly 
once  larger  than  it  is  now  ;  which  in  fa£t  is  perceptible  on  than  it  is  now, 
the  fouth  and  weft,  where  the  ground  has  the  appearance 
of  having  been  once  covered  with  water.  He  adds,  that  Sapph»es  ana 
precious  ftones  and  fapphires  were  found  on  its  borders.  I  ftones,  once, 
did  nor  fee  any;  but  it  is  known,  that  there  is  a  fact  0f  found  on  Itc 
this  kind  in  the  little  rivulet  of  Pezzouliou,  that  runs  among  a  fimiWir  oc- 
lava  at  Expilly,  near  Puy,  in  Velay.  currence  at 

By  no  means  fatisfied  with  my  researches,  the  principal 
obje6t  of  which  was,  to  difeover  the  crater  of  the  volcano, 
that  could  have  produced  all  the  lava  in  this  country,  I  re¬ 
paired  to  Medermenich,  half  a  league  to  the  fouth-eaft. 

There  I  found  myfelf  in  quarries  of  volcanic  ftone,  from  juries 

which  were  taken  nrill-ftones  and  hewn-ftoncs  for  building,  of  voleani© 

for  W.. 


HO 


Depth  or  the 
ttfiU, 


Defeent  into 
them. 

The  roof  fup- 
ported  by  walls 
and  timbur. 


The  (tones  fe- 
parated  by  iron 
■wedges. 

The  (hafts  nu¬ 
merous,  and 
very  dangerous 
from  being  left 
#pen. 

Thefe  quarries 
wrought  for  (c- 
vera  centuries. 


Its  cra'er  pro¬ 
bably  at  mount 
Blemberg. 
Beyond  Meder- 
ri  enich  a  bed 
of  the  fame  lav2, 
with  a  perpendi¬ 
cular  face,  form¬ 
ing  a  ravine 
1 5  feet  deep,  and 
covered  with  a 
thin  flratum  of 
mould. 

This  too 
wrought,  and 
the  ftone  harder 
from  its  expo- 
fure  to  the  air. 
Beyond  this,  and 
fomc  lava  of 
the  pipc/mo 
fpecies,  is  a 
cold  acidulous 
chalybeate 
fpring. 

More  lava  in 
which  were  for¬ 
merly  <juarrics. 


ok  extinct  volcanoes. 

for  which  there  is  a  very  great  demand.  Thefe  quarries  are 
underground,  and  in  thefe  are  (hafts  a  hundred  feet  deep,  to 

facilitate  the  working:. 

The  fir  It  flratum  was  mould,  about  15  feet  thick. 

The  fecund,  (corix  of  lava,  about  12 

Total  27. 

Beneath  was  the  pure  and  compaft  lava.  The  defeent  into 
thefe  quarries  is  by  a  flair  of  120  fieps,  and  a  gentle  defeent 
oi  near  90  paces.  The  fragments  of  the  ftones  got  out  ferved 
to  make  internal  walls  of  fupport,  to  which  were  added  flan- 
chions  of  timber,  in  fome  places  perpendicular,  in  others  ob¬ 
lique,  but  always  contrived  to  fupport  the  blocks  feparated  by 
fiflures.  The  (lones  were  broken  off  by  iron  wedges,  for  they 
were  afraid  to  feparate  them  by  blading. 

I  counted  eighteen  or  twenty  fhafts  in  the  fpace  I  traverfed  j 
and  their  mouths  being  perfectly  open,  woe  to  the  traveller 
who  diould  Iofe  his  way  among  them  by  night.  I  obferved  fc- 
veral  ot  them  covered  up,  indicating  works  abandoned ; 
whence  we  may  prefume,  that  thefe  quarries  had  been  wrought 
fur  feveral  centuries.  Some  old  oaks  likewife  growing  in  the 
lliafts  thus  covered  confirm  this  opinion. 

The  thicknefs  of  the  drata  covering  this  lava  prevented  me 
from  following  its  courfe,  and  tracing  it  to  its  fource;  but  I 
judged,  that  the  mountain  of  Blemberg,  a  league  to  the  fouth- 
wed,  might  be  its  crater.  Accordingly  I  proceeded  to  ex¬ 
amine  it.  A  quarter  of  a  league  from  Medermenich  I  found  a 
bed  of  the  fame  lava,  the  face  of  which  was  perpendicular, 
and  iorming  a  gully,  that  might  be  twenty-five  feet  deep.  It 
is  covered  by  a  very  thin  dratum  of  mould,  and  is  wrought 
into  milldones,  and  dones  for  building.  Being  expofed  to  the 
open  air,  it  is  harder  than  that  of  Medermenich. 

After  having  paffed  tins  gully,  and  a  little  bed  of  muddy 
lava,  of  the  nature  of  piperino,  we  find  in  a  meadow  a  very 
copious  mineral  fpring.  It  is  cold,  and  contains  carbonic  acid 
and  iron.  At  fome  didance  from  this  we  meet  with  beds  of 
lava,  in  which  there  had  anciently  been  feveral  quarries,  and 
at  length  we  arrive  at  the  mountains  of  Blemberg.  The  fur- 
face  of  this  mountain,  though  covered  with  trees  on  the  ead, 
is  neverthelefs  lull  of  torrefied  and  fcorified  lava,  and  gray  and 
red  pouzzolona,  which  left  me  no  doubt,  that  this  mountain 
had  formerly  been  a  volcano.  The  infpeclion  of  its  furnmit 
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confirmed  me  in  this  opinion.  Though  divided  into  feveral  B!cm^r^coveT* 

*  &  ed  with  trees  on 

parts,  which  do  not  perfectly  correfpond  witli  each  other,  that  the  eaftj  buta- 

on  the  well  perfect! v  reprefented  a  fegment  of  a  vail  crater  in  bounds  Wlth  la- 

,  r  *  J  r.  1*  11  i  r  i  *  r  .  va  and  pOUZZa- 

good  prelervation.  Standing  on  the  border  ot  this  legment,  jana. 

I  oblerved  on  the  eaft,  at  the  ditlance  of  half  a  league,  quar-  Its  fummit  once 
ries  of  lava,  of  which  this  mountain  was  the  fource.  The  but  part!y  ^ 
gully  I  have  mentioned  feemed  to  militate  againft  the  adoption  ft™yed. 
of  fuch  an  opinion  with  refpeft  to  the  quarries  of  Mederraenich,  m-occcded™ 
which  are  to  the  north-eaft  beyond  thefe:  but  time,  and  the  from  it. 
various  circumftances,  that  have  formed  fifteen  feet  depth  of  ^ 
mould,  may  have  occafioned  the  apparent  interruption  of  this  menieh. 
current  of  lava.  I  do  not  doubt  however,  but  feveral  of  the  ^ut 
neighbouring  mountains  have  been  openings  of  volcanoes.  jng  mountains 

From  the  fummit  of  Blemberg  I  enjoyed  a  grand  and  very  were  onc«  voi- 

^  .canoes, 

extenfive  profped.  On  the  fouth  I  had  the  little  town  of  Profpea  from# 
Mayerne,  on  the  north  Medermenich,  and  Ettringen  on  the  Blemberg  tine, 
weft. 

I  quitted  this  mountain  tovifit  that  of  Zimmeray,  about  half  Village  of  Et- 
a  league  weft  of  it,  and  I  pafted  through  the  village  of  Ejitrin-  fav^ahd^fcoriK. 
gen,  built  of  lava  and  fcorice. 

The  whole  of  the  body  of  the  mountain  of  Zimmeray  is  T^mounta’m 
volcanic.  The  lavas  there  are  in  a  ftate  of  torrefa6lion,  that  volcanic.  * 
announces  the  exiftence  of  a  crater.  In  la£t,  when  I  reached  Its  fummit  a 
its  fummit,  I  there  found  all  the  marks  of  one.  It  is  of  acra-cr* 
conical  form,  and  has  a  hollow  opening  to  the  fouth.  1  he 
tides  of  this  hollow  facing  the  fouth  are  well  preferved:  thofe 
that  face  the  north  have  been  deftroyed.  I  imagine  this  took 
place  at  the  period  ot  the  laft  eruption,  and  that  a  ftream  of 
lava  would  be  found  by  digging  on  that  fide. 

I  then  left  this  mountain,  and  proceeded  to  that  oi  Calberg,  Mount  Calberg 
which  is  on  the  north,  and  feparated  from  it  only  by  a  tolerably  contains  rraPP- 
broad  valley,  in  which  I  found  trapp,  of  a  blackith  gray  co¬ 
lour,  in  mafs,  and  in  fcattered  blocks.  At  the  foot  of  mount  At  its  foot  a 
Calberg  was  a  bed  of  black,  coarfe  grained,  volcanic  fand, 
ftratiform,  and  containing  a  great  deal  ot  mica  in  large  leaves,  containing  mica 
The  trees  that  covered  its  fummit  prevented  me  from  alcertain-  larSe  leaves« 
ing  its  nature,  but  the  circumference  of  its  bafe  is  entirely  jts  bafe  entirely 
volcanic.  Around  it  is  muddy  lava,  in  which  larger  or  fmaller  volcanic, 
fragments  of  compaft  lava  occur.  Gray  clay  predominates  Gray  clay  pre- 

there. 


I  had 


ON  EXTINCt  VOLCANOES. 


of  lava, 
of  the  pi  peri  no 
fpccies  j 
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Once  a  volcano.  I  Iiacf  no  doubt,  that  this  mountain  was  onCe  a  volcano,  1t4 
figure  alone  proves  it.  I  went  beyond  it  to  the  quarries  that 
were  working,  and  which  were  to  the  north,  at  the  foot  of  a 
Near  it  quarries  gentle  declivity,  feparated  from  the  Calberg  by  a  valley, 
through  which  a  fmall  brook  flowed  to  the  eafl.  Thefe  quar¬ 
ries  are  parts  of  vail  beds  of  that  kind  of  lava,  which  the  Ita¬ 
lians  call  piperino.  It  is  in  general  an  earthy  lava,  contain¬ 
ing  a  pretty  conliderable  quantity  of  fragments  of  compadt 
wrought  ;Cafily  ^ava*  This  flone  is  foft,  and  eafily  wrought.  It  is  almofl: 
in  fome  places  every  where  in  a  horizontal  Aratum,  but  varies  in  its  texture, 
•  valeame  brec- for  jn  fome  places  it  appears  in  the  form  of  a  volcanic  breccia. 

eta,  m  others  *  *  1  * 

of  afandftone  in  others  it  has  the  texture  of  fand-flone. 

w  Having  accompliflied  my  obi  eft,  which  was  to  difeover  the 

dermenich  to  volcanic  openings,  that  furmflied  the  lava  of  this  didrift,  I 

Coblentz.  returned  to  the  Medermenich,  where  I  flept;  and  the  next 

The  plain  co-  day  I  reached  Coblentz.  The  plain  I  eroded  was  covered 

ments'ofquartz]  w‘th  fragments  of  quartz,  trapp,  and  pumice  flone.  Near 
trapp,  and  Oclundung,  on  the  high  road,  we  find  rocks  of  date,  which 

NeTrCoaun-  are  working-  Atter  leavin£  this  village  four  gently  doping 
dung  flate  quar-  mountains  appear  on  the  left,  firetching  from  eafl  (o  we^ 
f‘res*  .  ,  ,  and  feparated  only  by  narrow  valleys.  Their  figure  induced 

IvJear  it  four  voU  •  ^  o 

canicmoun-  lo  Vlfit  and  I  found  them  compofed  of  pumice 

tuas.  Hones  and  fcorire.  The  firft  and  fecond  are  merely  fegments 

two  fmall  craters,  the  northern  part  of  which  has  been  car¬ 
ried  away.  i  he  other  two,  which  are  covered  with  tretes, 
appear  to  me  to  have  formed  but  one  crater  of  vafl  extent 
Their  lava  en-  the  iouthern  part  of  which  is  deflroyed.  The  lava  of  thefe 
crufted  With  little  mountains  is  encrufled  with  an  immenfe  number  of  little 
cry flals  of  piroxen.  This  recldifli  lava  contains  a  pretty  con- 
fiderable  quantity  of  reddifli  mica  in  large  leaves,  frequently 
hail  a  line  thick.  AlmoA  at  the  foot  of  the  eadernmod  moun¬ 
tain  this  done  is  procured,  to  be  ufed  in  eonflructing  walls, 
though  it  is  too  porous,  and  at  the  fame  time  too  hard,  to  be 
employed  as  hewn  done. 

From  the  film  nut  of  thefe  heights  the  profpea  is  beautiful 


fmall  cr y  flals  of 
piroxen. 

It  is  reddifh, 
and  contains  icd- 
difli  mica  in 
large  leaves. 
Ufed  in  walls. 


View  from  thefe 


heights. 


and  grand,  b  rom  the  eafl  to  the  north  appears  the  magnificent 
bafin  watered  by  the  Rhine  from  the  cadle  of  Ehrenbreitdein 
to  Andernach.  The  feven  mountains  (Siebenberge)  raife 
their  ancient  heads  on  the  north.  On  the  wed,  the  view  in¬ 
cludes  from  north  to  fouth  all  the  mountains  jufl  deferibed; 

and 
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and  on  the  fouth  it  is  terminated  by'  mountains  covered  with 

wood,  the  neared  of  which  appeared  to  me  to  be  volcanic. 

.At  length  I  arrived  at  Bafnheim,  remarkable  for  nothing  but  En|il?i?ardens 

the  Enghtli  gardens  belonging  to  the  lord  of  the  manor;  and  Pumice  ftone  oa 

thence  to  Coblentz.  I  found  pumice  ftone  on  the  road,  and  liie  r0J^  and 

*  *  lira  La. 

in  drata  where  pits  had  been  dug  in  the  ground. 


XIII. 

On  an  Improvement  in  the  Form  of  SpeSia  cle-G  laffes ,  by  W  illiam 

Hyde  Wollaston,  A'l  D.  F.  R.  S.  Communicated  by  tike 

Author . 

It  mud  have  been  remarked  by  perfons  who  make  ufe  °f 
fpectacles,  Specially  thofe  w  ho  require  glaffes  of  fhort  focal  obje&soutof 
didance,  that  objects  teen  through  them  appear  didindl,  only  center  are  dif- 
when  viewed  through  tlie  central  parts  of  the  glaffes ;  that 
when  the  direction  of  the  fight  E  O,  Fig.  1.  page  145  is  con- 
fiderably  inclined  to  the  furfaces,  obje6is  appear  didorted,  and 
that  this  defedt  is  greater  in  proportion  to  the  greater  obliquity 
of  that  line. 

It  is  on  this  account  that  opticians  have  lately  made,  and  Rcmedy^f«rner-. 
recommended  fpedtacle-glaffes  of  lefs  diameter  than  thofe  make  the  glaife 
formerly  in  ufe,  thinking  that  the  extreme  parts  of  the  field  lmallen — • 
of  vifion,  which  from  indidindtnefs  were  of  little  ufe,  might 
be  fpared  without  much  inconvenience.  But  this  alteration  but  to  little 
in  the  fize  of  the  glaffes  could  hardly  claim  the  merit  of  an 
improvement;  fince  for  one  defect,  it  only  fubdiluted  another 
fcarcely  lefs  objedtionable. 

It  feems  indeed  rather  extraordinary,  that,  during  five 
centuries  which  have  elapfed  fince  the  invention  of  fpedtacles, 
neither  theory  nor  accident  fhould  have  produced  any  con- 
fiderable  variation  from  the  original  condrudtion. 

It  was  indeed  conceived  by  Huygens,  that  the  glaffes,  in-  Huyghens  prow- 
dead  of  being  equally  curved  on  both  fides,  as  is  cudomary, 
fhould  have  the  curvatures  of  their  oppofite  furfaces  in  the  cure  in  fpe#a- 
nroportion  of  fix  to  one,  becaufe  lie  had  demondrated  that  f!e  glaires  (kouIA 
fuch  a  form  was  bed  fuited  to  the  objedt  glaffes  of  telefcopes. 

Dr.  Smith  alfo  in  his  treatife  on  optics,  (p.  258.)  repeats  Repeated  b/ 
this  opinion  of  Huygens  in  the  following  curfory  manner ;  Smjth' 

and 
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This  is  good  for 
funplc  object 
lenfes,  but  not 
for  fpe&acles. 


Is  nearly  in  the 
axis 


and  the  whole 
lens  adts  tor 
every  ladiant 
point. 

In  fpedtacles  it 


"  and  confequently  this  figure  of  a  glafs  is  the  befi  for  fpec- 
tacles,  as  the  double  concave  of  like  figure  is  the  beft  to  help 
(hort-fighted  perfons.” 

But  although  it  may  be  very  true  that  fuch  a  form  of  glafs 
was  bell  calculated  for  the  object  glals  of  a  telelcope,  previous 

« 

to  the  celebrated  difeovery  of  the  achromatic  objedt-glals  by 
the  late  by  Mr.  Dollond,  yet  whatever  advantages  might  at 
any  time  be  expected  from  the  telefcopic  objedl-glafs  fo  fhaped, 
thefe  were  not  to  be  obtained  by  a  fimilar  confirudtion  in  fpec- 
tacles,  as  may  eatily  be  feen  by  confidering  the  different  ules 
of  the  refpedtive  inftruments. 

Telefcopic  vifion  Jn  a  telefcopd  in  the  firfi  place,  our  view  is  neceffarily 
confined  to  a  very  fmall  difiance  on  each  lide  of  (he  axis;  and 
fecondly,  every  part  of  the  object  glafs  contributes  to  tke 
diftindlnefs  of  any  objedl  viewed. 

It  is  under  thefe  circum fiances  alone  that  the  proportion  of 
the  curvatures  above-mentioned,  might  be  proper  for  a  fingle 
objedl  glafs,  as  being  capable  of  collecting  into  the  focus  the 
rays  that  fall  on  every  part  of  it  parallel  to  the  axis. 

By  (pedlades  on  the  contrary,  objedts  are  to  be  viewed  if 
is \uy  uiiicur...  pogjjjp,  jn  every  direction  in  which  they  might  be  feen  by  the 

naked  eye,  which  is  often  far  removed  from  the  centers  of  the 
glalfes ;  confequently  a  confiitution  that  is  calculated  to  re¬ 
present  correctly  central  objects  alone,  cannot  be  the  moft  ad¬ 
vantageous. 

In  thefe  alio,  the  portion  of  the  glafs  employed  at  once  is 
fcarcely  larger  than  the  pupil  of  the  eye,  fo  that  any  endea¬ 
vour  to  procure  the  concurrence  of  aii  parts  of  a  glafs  in  any 
one  efiedt  is  evidently  fuperfiuous,  and  may  alfo  be  fhewn  to 
be  prejudicial. 

^  It  is  therefore  propofed  to  remedy  the  imperfedtions  ob- 

be  fought  from  fcrva^^e  in  the  Ipedtacle  glalfes  hitherto  generally  ufed,  upon 

different  con-  a  principle  fuggefied  by  this  latter  confideration,  which  prefents 

iatl  nS*  an  opportunity  by  a  different  confirudlion  of  rendering  objedts 

in  all  diredlions  difiindt. 

If  the  lens  be  . 

made  concave  1  he  alteration  requifite  for  this  purpofe,  is  extremely 
next  the  eye  all  fimple,  and  eafily  intelligible.  Suppofing  an  eye  to  be  placed 

had  to^pafs/  *n  *ae  cen^cr  of  any  hollow  globe  of  glafs,  it  is  plain  that 
through  nearly  objedts  would  then  be  feen  perpendicularly  through  its  furfaefc 
perpendicular.  m  every  diredtion,  Confequently  the  more  nearly  any 

fjpedtacle* 


A  fmall  part  of 
the  leas  only  is 
employed  at 
once. 


Whence  1m- 
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fpedtacle-glafs  can  be  made  to  furround  the  eye  in  the  manner 
of  a  globular  furface,  the  more  nearly  will  every  part  of  it  be 
at  right  angles  to  the  line  of  light;  the  more  uniform  will  be 
the  power  of  its  different  parts,  and  the  more  compleatly  will 
the  indiftindtnefs  of  lateral  objedfs  be  avoided*. 

According  to  this  principle,  all  fpedacle-glaffes  fhould  be  Convex  outfidc 
convex  on  their  exterior  Surface,  and  concave  within.  The  an^  conu>e 

WliulUt 

fedlion  of  thofe  for  long  fighted  perfons,  will  affume  the  form 
of  a  menifcus  or  crefcent.  Fig.  2.  and  thofe  adapted  for  fhort 
light  will  have  their  principal  curvature  on  the  concave  fide. 

Fig,  3. 


It  is  only  neceflary  to  add,  that  the  advantage  of  this  im-  Experience  con' 
provement  in  the  form  of  fpedtacle  glaffes  has  been  confirmed  ^.j^eSt^S 
by  a  fufficient  number  of  experiments  on  different  perfons, 
and  that  thofe  in  particular  who  are  very  long  or  very  fhort 
lighted,  are  much  benefited  by  them. 


*  To  mathematicians  it  will  be  evident  that  any  ray  which  does 
not  pafs  through  the  center  of  a  lens,  cannot  be  at  right  angles  to 
both  furfaces  ;  but  they  will  alfo  perceive  that  when  any  fmall  ob¬ 
lique  pencil  makes  equal  angles  with  the  two  furfaces  of  a  thin  lens, 
the  inclination  of  it  to  each  is  fo  fmall,  that  its  focal  length  B  D, 
Fig.  4.  will  not  fenfibly  differ  from  A  C  that  of  a  central  pencil. 
Vol.  VII. — February-,  1304.  L  The 


US 

and  .1  manufac¬ 
tory  ia  eitabli/h 

cd. 


The  fpe&acles 
are  called  perif- 
copic. 


Drawing  and  de 
feription  of  a 
gun  on  a  paper 
at  the  Royal 
Inftitution. 


GUM  TO  THROW  DOUBLE-BEADED  SHOT. 

The  molt  advantageous  proportions  of  curvature  for  obtain¬ 
ing  the  different  focal  lengths  now  generally  diftinguifhed  by 
certain  numbers,  have  alfo  been  duly  conlidered  ;  and  the 
manufacture  of  fpectacles,  on  this  conltruCtion,  has  been  un¬ 
dertaken  by  Melfrs.  P.  and  J.  Dollond,  to  whom  the  exclufive 
fale  of  them  is  fecured  by  patent,  and  whofe  well  known  fkill 
in  the  conffru&ion  of  optical  inltruments,  enfures  to  this  im¬ 
provement  every  advantage  of  corredt  execution. 

From  the  opportunity  afforded  by  thefe  glaffes  of  looking 
round  at  various  objedts  in  one  pofition  of  the  head,  it  is 
thought  they  may  not  improperly  be  diftinguifhed  by  the  name 
o  f  Per  if  cop  i  c  Specie  cles . 
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Letter  of  Enquiry  concerning  a  Gun  to  throw  double-headed  Shot; 

with  the  Editor’s  Reply. 

To  Mr.  NICHOLSON. 

SIR, 

OAVIN  G  this  infiant  feen,  at  the  Royal  Inffitution,  a  ffieet 
of  paper  printed  by  Nichols,  printer,  Earls  Court,  Newport 
Slreel,  Soho,  containing  a  drawing  and  defeription  of  a  gun  to 
throw  double-headed  fhot,  I  take  the  liberty  of  writing  this  on 
a  page  of  a  little  note-book  there,  which  muff  be  my  apology  for 
the  paper,  to  entreat  that  you  will  obferve  upon  it  in  your  in¬ 
valuable  Journal,  becaufe  I  fear  that  it  is  not  a  fafe  inffru- 
ment.  A  confiderable  diffance  is  to  be  obferved  between  the 
powder  fired  and  the  fhot  to  be  difeharged  by  it.  I  have  al¬ 
ways  conlidered  that  an  interval  fo  kept  was  the  occation  of 
the  burffing  of  fo  many  guns.  Pray  is  this  fafe?  And  ffiould 
not  a  line  be  cut  on  the  arms  to  which  the  bullets  are  attached, 
to  maik  exactly  the  diffance  of  the  attaching  bar  at  each  extre¬ 
mity  from  the  muzzle,  when  the  balls  arc  equally  rammed 
down.  As  the  knowledge  of  its  fafety  may  contribute  to  its 
fervice  it  really  ufeful,  I  hope  you  will  think  this  application 
not  idle. 

I  am,  Sir,  * 

Your  con ff ant  Reader. 


ANSWER 


CUN’  TO  THROW  DO'JBLE-HEADED  SHOT. 


U  7 


ANSWER.  W.  N. 

THE  paper  alluded  to  in  the  letter  of  my  correfpondent,  More  particular 
contains  an  engraving  of  the  (haded  fediion  of  a  gun  having  a  accoun!* 
double  bore,  but  only  one  chamber ;  from  which  each  bore 
diredlly  leads  :  but  they  diverge  from  each  other  in  an  angle 
ot  about  eighteen  degrees.  The  charge  of  powder  is  to  be 
placed  in  the  chamber,  and  the  two  (hot,  one  for  each  bore, 
are  connected  by  a  bar  having  two  joints  or  hinges  at  an  equal 
didance  from  its  middle.  By  this  contrivance,  by  bending  the 
compound  piece  at  the  hinges,  the  (hot  can  be  put  into  the 
bores  of  the  gun;  and  when  the  explofion  blows  them  out, 
their  divergence  caufes  the  bar  to  become  drait,  and  confe- 
quently  is  expedted  to  do  mifchief  proportioned  to  the  extent 
of  its  length. 

The  title  of  the  paper  is,  t(  Horizontal  Sedbion  of  a  Gun  for  Title  of  the 
projecting  double-headed  Shot,  invented  by  Lieut.  Colonel 
Blaquiere,  22  Dragoons,  July,  1803.  Recommended  to  be 
ufed  againd  an  invading  Army  on  board  his  Majefty's  Gun- 
Boats  and  in  the  directions  care  is  preferibed,  that  the  (ame 
length  of  bar  (hall  be  left  out  of  each  muzzle  to  prevent  acci¬ 
dent;  and  it  is  hated  to  be  a  great  advantage,  that  a  condder- 
able  didance  (liould  be  left  between  the  powder  and  (hot,  as 
by  this  means  the  powder  acquires  itsgreated  poffible  force. 

My  opinion  was  afked  concerning  a  gun  of  this  defeription  This  gun  in- 

which  another  inventor  had  propofed,  fome  time  previous  to  lented  a!^0 

r  r  1  another  perion. 

Midfum  mer  lad,  to  throw  chain-fhot;  and  the  obfervations 
that  then  occurred  were,  1.  If  there  be  the  lead  difference  its  probable 
between  the  windages  or  the  blah  in  each  bore,  or  in  the  cafuale®^-* 
impediments,  one  (hot  will  precede  the  other.  2.  If  they  go 
out  fairly  together,  their  velocity  of  reparation  will  be  to  the 
direct  velocity  as  the  chord  of  the  angle  of  divergence  is  to  the 
radius.  In  the  prefent  gun  the  balls  will  feparate  with  one- 
third  of  the  velocity  with  which  they  advance.  3.  That  the 
violent  reparation  of  the  (hot  from  each  other,  will  mod  pro~ 
bably,  in  either  of  thefe  cafes,  break  the  chain,  or  the  bar,  or 
the  joints.  4.  Or  if  no  fradture  takes  place,  the  bidden  check 
will,  by  the  eladicity  of  the  metal,  caule  the  (hot  to  approach 
again  to  each  other.  5.  To  which  I  may  add,  that  it  may  be 
doubted  whether  the  embarradiment  of  one  of  thefe  bar-fhots 
preceding  the  other  might  not  occadon  a  dangerous  obdruc- 

L  2  tion. 
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tion,  and  that  there  are  many  fa6ls  which  ffiew,  that  it  is  unfafe 
to  permit  any  confiderable  expanfion  of,  or  fpace  for,  the  blall 
of  powder,  before  it  lhall  act  on  the  projectile. 

Introduction. 
Prognoftics  of 
the  sveather. 

XV. 

Prognoftics  of  the  Weather ,  ejiablijhed  by  long-continued  Obfer- 
t at  ion  upon  the  Conduct  and  Appearances  of  Birds,  Beafis , 
Infects,  Plants,  Meteors ,  the  Heavenly  Bodies ,  Minerals ,  Cfc. 
Communicated  by  a  Correfpondent. 

To  Mr.  NICHOLSON, 

SIR, 

It  is  a  well  known  general  fadt,  that  fhepherds  and  others, 
whole  occupations  lie  in  the  open  air,  do  not  unfrequently 
polfels  the  lkill  of  foretelling  the  weather  for  confiderable  pe¬ 
riods  of  time  in  advance,  and  that  they  ground  their  obferva- 
tions  upon  the  phenomena  exhibited  by  animals,  and  other 
bodies  expofed  to  the  aCtion  of  the  elements.  Some  of  the 
maxims  on  this  fubjeCt,  which  polfefs  the  fanCtion  of  ancient 
acquiefcence,  are  fuch  as  probably  would  not  Hand  the  teft 
of  modern  fcientific  examination  ;  but  on  the  other  hand,  there 
are  many  of  which  the  rationale  appears  not  difficult  to  explain, 
and  others  which,  from  their  empyrical  value,  are  highly  de¬ 
ferring  to  be  fiudied  and  made  out.  I  have  for  thefe  reafons, 
as  well  as  from  a  fenfe  of  the  immediate  utility  of  this  know¬ 
ledge,  thought  it  by  no  means  impertinent  to  beg  that  you 
would  oblige  the  world  with  the  enclofed,  which  is  the  beft 
colle&ion  of  faCls  I  have  met  with.  It  is  taken  from  a  (mail 
pamphlet  printed  at  Edinburgh,  without  date  or  the  name  of 
bookfeller  or  author,  but  apparently  many  years  ago,  intitled, 
A  SuccinCl  Treatife  of  Popular  Ahronomy.  If  this  commu¬ 
nication  fhould  meet  the  honour  of  infertion  in  your  excellent 
Mi  feel!  any,  I  hope  it  will  be  followed  by  fome  explanations 
Irom  your  fcientific  correfpondents. 

I  am.  Sir, 

Your  obliged  reader, 

R.  B. 

Si  "ns 
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Signs  of  Rain  from  Birds, 

SEA  and  frefli  water-fowls,  fuch  as  cormorants,  fea-gulls,  Prognoses  of 
muir-hens,  8cC.  flying  from  fea,  or  the  frefli  waters,  to  land,  Raj^fromblrds 
fliew  bad  weather  at  hand  :  land  fowls  flying  to  waters,  and 
thofe  (baking,  walhing,  and  noify,  efpecially  in  the  evening, 
denote  the  fame:  geefe,  ducks,  coots,  &c.  picking,  (baking, 
wafhing,  and  noify;  rooks  and  crows  in  flocks,  and  fuddenly 
difappearing  ;  pyes  and  jays  in  flocks,  and  very  noify  ;  the 
raven  or  hooded-crow  crying  in  the  morning,  with  an  inter¬ 
ruption  in  their  notes,  or  crows  being  very  clamorous  at  even  ; 
the  heron,  bittern  and  fwallow  flying  low  ;  birds  forfaking  their 
meat  and  flying  to  their  nefls ;  poultry  going  to  roofl,  or  pid- 
geons  to  their  dove-houfe  ;  tame  fowls  grubbing  in  the  duft, 
and  clapping  their  wings ;  fmall  birds  feeming  to  duck,  and 
wadi  in  the  fand;  the  late  and  early  crowing  of  the  cock,  and 
clapping  his  wings ;  the  early  flnging  of  wood-larks  ;  the  early 
chirping  of  fparrows  ;  the  early  note  of  the  chaffinch  near 
houfes;  (he  dull  appearance  of  robin  red-breaft  near  houfes ; 
peacocks  and  owls  unufually  clamorous. 

Signs  of  Wind  from  Birds. 

Sea  and  frefli  water-fowls  gathering  in  flocks  to  the  banks.  Wind  from 
and  there  fporting,  efpecially  in  the  morning;  wild  geefe  bird:” 
flying  high,  and  in  flocks,  and  directing  their  courfe  eaftward; 
coots  refllefs  and  clamorous ;  the  hoopoe  loud  in  his  note  ;  the 
king’s-fifher  taking  to  land  ;  rooks  darting  or  (hooting  in  the 
air,  or  fporting  on  the  banks  of  frefli  waters ;  and  lafliy,  the 
appearance  of  the  malefigie  at  fea  is  a  certain  forerunner  of 
violent  winds,  and  (early  in  the  morning)  denotes  horrible 
tempefts  at  hand. 

Signs  of  Fair  Weather  from  Birds. 

Halcyons,  fea-ducks,  & c;  leaving  the  land  and  flocking  to  Fair  weather 
the  fea;  kites,  herons,  bitterns  and  fwallows  flying  high  and  ^rom  ^irds* 
loud  in  their  notes;  lapwings  refllefs  and  clamorous;  fparrows 
after  fun-rife  refllefs  and  noify  ;  ravens,  hawks  and  keflrils  (in 
the  morning)  loud  in  their  notes;  robin  red-breaft  mounted 
high,  and  loud  in  his  fong  ;  larks  foaring  high,  and  loud  in  their 
fongs;  owls  hooting  with  an  eafy  and  clear  note;  batsap¬ 
pearing  early  in  the  evening. 

Signs 
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Rim  fronj 
beaiis. 


Signs  of  Rain  from  Beajls . 

AiTes  braying  more  frequently  than  ufual;  hogs  playing', 
fcattering  their  food,  or  carrying  ttraw  in  their  mouths ;  oxen 
fnutling  (he  air,  looking  to  the  fouth,  while  lying  on  their  right 
fides,  or  licking  their  hooves;  cattle  grafping  for  air  at  noon; 
calves  running  violently  and  gamboling;  deer,  fheep,  or  goats, 
leaping,  fighting  or  pufhing;  cats  wafhing  their  face  and  ears; 
dogs  eagerly  feraping  up  earth ;  foxes  barking,  or  wolves  howl¬ 
ing;  moles  throwing  up  earth  more  than  ufual ;  rats  and  mice 
more  reftlefs  than  ufual ;  a  grumbling  noife  in  the  belly  of 
bounds. 


Signs  of  Rain  from  Infe&s. 

Ram  from  in*  Worms  crawlingoutof  the  earth  in  great  abundance;  fpiders 
fetts.  falling  from  their  webs ;  flies  dull  and  rettlefs ;  ants  battening 

to  their  netts ;  bees  battening  home,  and  keeping  clofe  in 
their  hives  ;  frogs  and  toads  drawing  nigh  to  houfes;  frogs 
croaking  from  ditches;  toads  crying  on  eminences;  gnats 
finging  more  than  ufual;  but,  if  gnats  play  in  the  open  air, 
or  if  hornets,  wafps,  and  glow-worms  appear  plentifully  in 
the  evening,  or  if  fpiders  webs  are  feen  in  the  air,  or  on  the 
grafs,  or  trees,  thefe  do  all  denote  fair  and  warm  weather 
at  hand, 

*  » 

Signs  of  Rain  from  the  Sim. 

jRain,  from  fun.  Sun  rifing  dim  or  waterifh  ;  rifing  red  with  blackifli  beams 
mixed  along  with  his  rays;  rifing  in  a  mutty  or  muddy  colour; 
rifing  red  and  turning  blackifli;  felting  under  a  thick  cloud; 
fetting  with  a  red  fky  in  the  eatt. 

N.  B.  Sudden  rains  never  latt  long;  but  when  the  air 
grows  thick  by  degrees,  and  the  fun,  moon,  and  ttars  fhine 
dimmer  and  dimmer,  then  it  is  like  to  rain  fix  hours  ufually. 

I  i  *  \  l 

Signs  of  H  ind  from  the  Sun. 

Wind  from  the  Sun  rifing  Pale  and  Effing  red,  with  an  iris;  rifing  large  in 
furface  ;  rifing  with  a  red  fky  in  the  north  ;  fetting  of  a  bloody 
colour  ;  fetting  pale,  with  one  or  more  dark  circles,  or  ac¬ 
companied  with  red  ttreaks ;  feeming  concave  or  hollow; 
Teeming  divided,  great  ttorms ;  parhelia,  or  mock  funs,  never 

appear,  but  are  followed  by  tempetts. 

•  • 

Signs 
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Signs  of  fair  Weather  from  the  San. 

Sun  riftng  clear,  having  let  clear  the  night  before  ;  rifmg  Fair  weather 
while  the  clouds  about  him  are  driving  to  the  weft;  riftng  *rom  tlac  lun* 
with  an  iris  around  him,  and  that  iris  wearing  away  equally 
on  all  tides,  then  expert  fair  and  fettled  weather;  riftng  clear 
and  not  hot ;  fetting  in  red  clouds,  according  to  the  old  ob- 
fervation : 

The  evening  red  and  morning  grey f 
Js  the  Jure  fign  of  a  fair  day. 

Signs  of  Rain  from  the  Moon , 

Moon  pale  in  colour,  rain;  horns  blunt  at  firft  riftng,  rain  ;  Rain,  from  the 

% 

horns  blunt,  at  or  within  two  or  three  days  after  change,  de-  moon* 
notes  rain  for  that  quarter;  an  iris  with  a  fouth  wind,  rain 
next  day;  wind  fouth  third  night  after  change,  rain  next  day; 
the  wind  fouth,  and  the  moon  not  feen  before  the  fourth  night, 
rain  inoft  of  that  month;  full  moon  in  April,  new  and  full 
moon  in  Auguft,  for  moft  part,  bring  rain ;  mock-moons  are 
the  forerunners  of  great  rains,  land-floods,  and  inundation. 

Signs  of  Wind  from  the  Moon . 

Moon  feeming  greatly  enlarged;  appearing  of  a  red  co- w^d  ftom  the 
lour;  horns  fharp  and  blackifh  ;  if  included  with  a  clear  and  moon* 
ruddy  iris;  if  the  iris  be  double,  or  feem  to  be  broken  in  parts, 
tempefts. 

N.  B.  On  the  newr  moon,  the  wind  for  the  moft  part 
changes. 

When  the  moon,  at  four  days  old,  has  her  horns  (harp,  fhe 
foretels  a  tempeft  at  fea,  unlefs  the  has  a  circle  about  her,  and 
that  too  entire,  becaufe,  by  that  the  thews  that  it  is  not  like 
to  be  bad  weather,  till  it  is  full  moon. 

Signs  of  Fair  Weather  from  the  Moon. 

Moon  feeming  to  exhibit  bright  fpots;  a  clear  iris  with  full  fair  wJ-ather 

r  r „  A  from  the  moon, 

moon  ;  horns  tharp  fourth  day,  fair  till  full ;  horns  blunt  at  firft 

rifing,  or  within  two  or  three  days  after  change,  denotes  rain 
for  that  quarter;  but  fair  Weather  the  other  three  quarters ; 
moon  clear  three  days  after  change  or  before  full,  always  de¬ 
notes  fair  weather.  After  every  change  and  full,  rains  for  the 
moft  part,  fucceeded  by  fair  fettled  weather  ;  moon  clear 
and  bright,  always  fair  weather. 
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Weather  from 
fVars. 


Xain  from 
clouds. 


Wind  from 
clouds. 


Rain  from 
i  am  bow. 


Signs  of  Weather  from  the  Stars. 

Stars  Teeming  large,  dull,  and  pale  of  colour,  rain;  or 
when  their  twinkling  is  not  perceptible,  or  if  encompafled 
with  an  iris.  In  fnmmer,  when  wind  is  at  call,  and  ftars 
Teem  greater  than  ufual,  then  expert  fudden  rain;  flars  ap¬ 
pearing  great  in  number,  yet  clear  and  bright.  Teeming  to 
fhoot  or  dart,  denote  fair  weather  in  fummer,  and  in  winter 
fr  oft. 


Signs  of  Rain  from  the  Clouds . 

In  cloudy  weather,  when  the  wind  falls,  rain  follows; 
clouds  growing  bigger,  or  feeming  like  rocks  or  towrers  fet- 
ling  on  mountains  tops ;  coming  from  the  fouth,  or  often 
changing  their  courfe ;  many  in  number  at  north  weft  in  the 
even  ;  being  black  in  colour  from  the  ea ft,  rain  at  night ; 
but  out  of  the  weft,  rain  next  day  ;  being  many  like  fleeces 
of  wool,  from  the  eaft,  rain  for  two  or  three  days;  lying 
like  ridges  about  mid-day  in  the  fouth-weft,  fbews  great 
ftorms  both  of  wind  and  rain  to  be  nigh. 

Signs  of  Wind  from  the  Clouds. 

Clouds  flying  to  and  fro;  appearing  fuddenly  from  the 
Touth  or  weft  ;  appearing  red,  or  accompanied  with  rednefs  in 
the  air,  efpecially  in  the  morning;  being  of  a  leadifh  colour 
in  the  north-weft  ;  fingle  clouds  denote  wind  from  whence 
they  come;  but  if  at  Tun-fet,  clouds  appear  with  golden 
edges,  or  diminifh  in  bulk,  or  Tmall  clouds  fink  low',  or  draw 
againft  the  wind,  or  appear  Tmall,  white,  and  Tcattered  in  the 
north-weft  (fuch  as  are  vulgarly  called  mackerel)  when  the 
fun  is  high,  thefe  are  figns  of  fair  weather. 

N.  B  It  is  often  obferved,  that  though  the  mackerel  i ky 
denotes  fair  weather  for  that  day,  yet  for  the  moft  part,  rain 
follows  in  a  day  or  two  after. 

Signs  of  Rain  from  the  Rainbow. 

After  a  long  drought,  the  rainbow'  denotes  fudden  and  heavy 
rains;  it  green  be  the  predominant  colour,  it  denotes  rain, 
but  it  red,  wind  with  rain;  if  the  clouds  grow  darker,  rain; 
if  the  bow  Teems  broken,  violent  ftorms;  if  appearing  at 
noon,  much  rain;  if  rn  the  weft,  great  rain,  with  thunder. 

N.  B. 
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N.  B.  It  is  obferved,  that  if  the  Iaft  week  in  February, 
and  the  firft  fortnight  of  March,  be  moftly  rainy,  and  attended 
with  frequent  appearances  of  the  bow,  a  wet  fpring  and  fum- 
mer  may  be  expe&ed. 

Signs  of  Fair  Weather  from  the  Rainbow. 

The  rainbow  appearing  after  long  rains,  denotes  fair  Fair  from  rain* 
weather  at  hand  ;  if  the  colours  grow  lighter,  fair  ;  if  the  bow  bovv* 
fuddenly  difappears,  fair ;  if  the  bow  appear  in  the  morning, 
it  is  the  fign  of  fmall  rains,  followed  by  fair  weather ;  if  ap¬ 
pearing  at  night,  fair  weather  ;  if  appearing  in  the  eaft,  in  the 
evening,  fair ;  if  the  bow  appear  double,  it  denotes  fair 
weather  at  prefent,  but  rain  in  a  few  days  ;  if  in  autumn,  it  , 
continues  fair  for  two  days  after  the  appearance  of  the  aurora 
borealis,  expect  fair  weather  for  at  leaf;  eight  days  more. 

Signs  of  Ram  from  Mifts. 

If  mifts  be  attracted  to  the  tops  of  hills  then  expedt  rain  in  Rain  from 
a  day  or  two;  if  in  dry  weather,  they  be  obferved  to  afeend  mi^s> 
more  than  ufual  then  expedt  fudden  rain;  mifts  in  the  new 
moon  always  forethew  rain  in  the  old;  mifts  alfo  in  the  old 
moon  denote  rains  to  happen  in  the  new  ;  a  mifty  white  fcare, 
in  a  clear  fky,  in  the  fouth-eaft  is  always  a  forerunner  of  rain. 

Signs  of  Fair  Weather  from  Mifts . 

If  mifts  diffipate  quickly,  or  defeend  after  rain,  it  is  a  fure  Fair  from  mifts. 
fign  of  fair  weather;  a  general  mift  before  fun  rifing  near  the 
full  moon,  denotes  fair  weather  for  about  a  fortnight  running. 

If  after  fun  fet  or  before  fun  rife,  a  white  mift  arife  from  the 
waters  and  meads,  it  denotes  warm  and  fair  weather  next  day. 

A  mifty  dew  on  the  infide  of  glafs  windows  jfhewsfair  weather 
for  that  day. 

Signs  of  Ram  from  inanimate  Bodies. 

Wood  fwelling,  or  ftones  feeming  to  fvveat;  lute  or  viol  Rain  from  in- 
ft rings  breaking;  printed  canvas  or  patted  maps  relaxing;  fait  animate  bodie3* 
becoming  moift ;  rivers  finking,  or  floods  fuddenly  abating; 
remarkable  fparkling  of  lamps  or  candles;  remarkable  halo 
about  the  candle;  great  drynefs  of  the  earth ;  pools  feeming 
troubled  or  muddy ;  yellow  feum  on  the  furface  of  ftagnant 
waters;  dandelion  or  pimpernel  fhutting  up;  trefoil  fwelling 
in  ltalk,  while  the  leaves  bow  down. 

N.  B.  A  dry  fpring  is  always  attended  with  a  rainy  winter. 

Signs 
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Signs  of  Wind  from  inanimate  Bodies. 

Winds  Ihiftingto  the  oppofite  point;  Tea  calm,  with  a  mur¬ 
muring  noife  ;  a  murmuring  noife  from  the  woods  and  rocks; 
when  the  air  is  calm;  leaves  and  feathers  Teeming  much  agi¬ 
tated;  tides  high  when  the  thermometer  is  high;  trembling  or 
fiexuous  burning  of  flames;  coal  burning  white  with  a  mur¬ 
muring  noife;  thunder  in  the  morning  with  a  clear  fky  ;  thun¬ 
der  from  the  north. 

N.  B.  Whenfoever  the  wind  begins  to  fhift,  it  will  not  reft 
till  it  comes  to  the  oppofite  point;  and,  if  the  wind  be  in  the 
north,  it  will  be  cold;  if  in  the  norlh-eaft  colder;  if  in  the 
fouth  ;  it  brings  rain;  but  if  in  the  foulh-wcft  more  rain. 


Signs  of  Rain  ceafiiig. 

Rain  esafing.  The  hidden  doling  of  gaps  in  the  earth;  the  remarkable 
riling  of  fp rings  or  rivers;  if  the  rain  begin?  an  hour  or  two 
before  fun  rife  it  is  like  to  he  fair  ere  noon  ;  but  if  an  hour  or 
two  after  fun-rife,  it  for  the  mod  part,  happens  to  continue  all 
day  and  then  to  ceafe;  when  it  begins  to  rain  from  the  fouth 
with  a  high  wind  for  two  or  three  hours,  and  that  the  wind 
falls,  and  it  ftill  continues  raining,  it  is  then  like  to  continue 
for  twelve  hours  or  more,  and  then  to  ceafe. 

N.  R.  Thefe  long  rains  feldorri  happen  to  hold  above  twenty- 
four  hours,  or  happen  above  once  a  year. 

Signs  of  Wind  ccafng. 

Wind  ceafiiig.  A  ha  fly  fhovver  after  raging  winds  is  a  furefign  of  the  ftorm 
being  near  an  end.  If  the  water  ruc  kles  and  frequent  bubbles 
arife,  or  if  the  halcyon  or  kings-fifher  attempts  the  fea  while 
the  ftorm  lafts,  or  moles  come  out  of  their  holes,  or  fparrows 
chirp  merrily,  thefe  are  all  certain  iigns  of  the  ftorm  ceafing 
Both  lea  and  frefh  water  fifties  bv  their  frequent  riling  and  flut¬ 
tering  on  the  lurface  of  the  water,  foretell  the  ftorm  nigh  over, 
but  elpecially  dolphins  fpouting  up  water  in  a  ftoim  foretell  a 
calm. 

N.  B,  Let  the  wind  be  in  what  quarter  it  will  upon  the  new 
pioon,  it  prefently  changes. 


Signs  of  Hail. 

Hail.  Clouds  white,  inclining  to  yellow,  and  moving  heavily 

though  the  wind  be  high  is  a  fare  fjgn  of  hail;  if  the  eaftern 
fky  before  fun- rife  be  pale,  and  refracted  rays  appear  in  thick 

clouds. 


PROGNOSTICS  OF  TH£  VVEATHJEJR. 

clouds,  then  expe£t  great  dorms  of  hail;  white  clouds  In  fum- 
mer  are  a  fign  of  hail,  but  in  winter  they  denote  fnow,  efpe- 
cially  when  we  perceive  the  air  to  be  a  little  warm;  in  fpring 
or  winter  when  clouds  appear  of  a  blueifh  white,  and  expand 
much,  expect  fmall  hail  or  drizzling,  which  properly  is  no 
other  than  frozen  milts. 

•  f  t  :  * 


Signs  of  Thunder. 

Meteors  fhooting  in  the  fummer’s  evening,  or  chops  and  clefts  Thunder., 
in  the  earth,  when  the  weather  is  fultry,  always  foretell  thun¬ 
der  is  nigh;  in  fummer  or  harvelt,  when  the  wind  has  been 
fouth  two  or  three  days,  and  the  thermometer  high,  and  clouds 
rife  with  great  white  tops  like  towers,  as  if  one  were  upon 
the  top  of  another  and  joined  with  black  on  the  nether  fide, 
expect  rain  and  thunder  fuddenly ;  if  two  fuch  clouds  arife, 

one  on  either  hand,  it  is  then  time  to  look  for  (belter,  as  the 

<  •  .  •  ,  1  •  .  ;  * 

thunder  is  very  nigh- 

N.B.  It  is  obferved  that  it  thunders  molt  with  a  fouth  wind 
and  lead  with  an  ealt. 


Signs  of  Cold  and  Frofty  Weather . 

Sea-pyes,  darlings,  fieldfares,  with  other  migratory  birds  Cold  and  froftv. 
appearing  early,  denote  a  cold  feafon  to  enfue;  the  early  ap¬ 
pearance  of  fmall  birds  in  flocks  and  of  robin  red-breads  near 
houfes;  fun  in  harvefl  after  felting  in  a  mid  or  broader  than 
ufual;  moon  bright,  with  (harp  horns,  after  change;  wind 
(hiding  to  the  ead  or  north  after  change;  (ky  full  of  twinking 
dars;  fmall  clouds  hovering  low  in  the  north;  fnow  falling 
fmall,  while  clouds  appear  on  heaps  like  rocks. 

N.  B .  prods  in  autumn  are  always  fucceeded  with  rain. 

.  .  V  *  *  '  •  »  ■  • 

Signs  of  Tltaiv. 

Snow  falling  in  large  flakes  while  the  wind  is  at  fouth;  Thaw, 
cracks  appearing  in  the  ice ;  fun  looking  waterifh  ;  the  moon^s 
hornsblunted;  dars  looking  dull ;  wind  turning  to  the  ibuth; 
wind  extremely  (hiding  ;  it  is  alfo  obferved,  that,  if  October 
and  November  be  frod  and  (now,  January  and  February  are 
like  to  be  open  and  mild. 

Signs  of  Drought. 

Fair  weather  for  a  week  together,  while  the  wind  is  all  that  Drought* 
time  in  the  fouth,  is,  for  the  mod  part,  followed  by  a  great 

drought ; 


>  *  * 
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Hard  winters. 


PeftiJentiaT 

feafons. 


Leech  worm. 


Barometer. 


drought;  if  February  be  for  mofl  rainy,  fpring  and  fummer 
quarters  are  like  to  be  To  too;  but  if  it  happen  to  be  altogether 
tair,  then  expe6t  a  drought  to  follow;  if  lightning  follow  after 
twenty-four  hours  of  dry  and  fair  weather,  drought  will  fol¬ 
low,  but  if  within  the  twenty-four  hours,  expect  great  rains. 

Signs  of  Hurd  JV inters. 

A  moift  and  cold  fummer,  and  mild  autumn,  are  fure  figns 
of  a  hard  and  fevere  winter  ;  ftore  of  hips  and  haws  denote 
the  fame  ;  the  hazel-tree  flowering  is  ever  obferved  to  fore¬ 
tell  the  fame;  acorns  found  without  any  infe£t  is  a  fure  prog- 
noflic  of  a  hard  winter. 

Signs  of  Peftilential  Senfons. 

A  dry  and  cold  winter  with  a  foutherly  wind;  a  very  rainy 
fpring,  ficknefs  in  fummer  ;  if  fummer  be  dry  with  the  wind 
northerly  but  the  autumn  rainy  and  the  wind  foutherly,  great 
ficknefs  is  likely  to  follow  ;  great  heats  in  fpring  time  without 
winds;  roots  having  a  lufcious  tafte,  while  the  wind  has  been 
long  foutherly  without  rain  ;  and  Iaftly,  great  quantities  of 
ftinking  atoms,  infects  or  animals,  as  flies,  frogs,  fnakes, 
locufls,  &c. 

Experiments  of  the  Leech  Worm. 

Inclofe  the  leech  worm  in  an  eight  ounce  vial  glafs,  three 
fourths  filled  with  water  covered  with  a  bit  of  linen,  let  the 
wafer  be  changed  once  a  week  in  fummer,  and  once  a  fort¬ 
night  in  winter. 

If  the  leech  lies  motionlefs  at  the  bottom  in  a  fpiral  form, 
fair  weather ;  if  crept  to  the  top,  rain  ;  if  refllefs,  wind ;  if 
very  refllefs,  and  without  the  water,  thunder;  if  in  winter 
at  bottom,  frofl;  but,  if  in  the  winter  it  pitches  its  dwelling 
on  the  mouth  of  the  vial,  fnow. 

Signs  of  Weather  from  the  Barometer. 

In  calm  weather,  when  the  air  is  inclined  to  rain,  the  mercury 
is  low  ;  but  when  tending  to  fair,  it  will  rife  ;  in  very  hot 
weather  when  falling,  it  forefhews  thunder  ;  if  rifing  in  winter, 
fiofl ;  but,  if  falling  in  frofl,  thaw  ;  if  rifing  in  a  continued 
frofl,  fnow ;  if  foul  weather  quickly  on  its  falling,  foon  over ; 
if  fair  weather  quickly  on  its  rifing,  foon  over  ;  alfo  if  rifing 
high  in  foul  weather,  and  fo  continuing  for  two  or  three  days, 

before 
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before  the  foul  weather  is  over,  then  expect  a  continuance  of 
fair  weather ;  but,  if  in  fair  weather  the  mercury  fall  low, 
and  fo  continue  for  two  or  three  days,  then  expefil  much 
rain,  and  probably  high  winds. 

N.  B.  In  an  eatt  wind,  the  mercury  always  rites  and  falls 
loweft  before  great  winds. 


XVI. 

A  New,  Cheap  and  Simple  Apparatus  for  repeating  the  Hours 
and  Quarters  in  Clocks  and  Watches.  By  Mr.  J.M.  Elliot, 

Communicated  by  the  Inventor. 

The  great  expence  of  repeating  watches  in  the  firtt  pur-  New  and  Ample 
chafe,  as  well  as  in  the  fubfequent  repairs,  have  induced  Mr.  ^fP^atins  mo" 
Elliot  to  turn  his  thoughts  towards  reducing  their  conttru6tion 
to  a  greater  degree  of  limplicity,  and  confequently  to  dimi- 
nifh  the  charges  in  both  thefe  refpefils. 

In  the  mechanifm  reprefented  in  plates  VII.  and  VIII.  the 
parts  and  their  arrangement  are  fuch  that  without  the  ufual  ap¬ 
paratus  of  pinions,  pullies,  chains,  or  racks,  the  watches  re¬ 
peat  both  the  hour  and  the  quarters,  viz.  the  hour  firft  and  the 
quarter  afterwards,  or  the  hour  or  the  quarters  feparately^  or 
either  of  thefe  firft  as  may  be  wifhed,  without  interruption, 
and  by  one  hammer.  As  feveral  of  thefe  pieces  have  been 
made  and  difpofed  of  in  this  country  as  well  as  exported,  the 
practicability  as  well  as  the  coft  are  both  afcertained,  which  Iaft 
is  about  one  third  of  the  former  charges. 

Plates  VII.  and  VIII.  reprefent  the  parts  of  this  new  ma¬ 
chinery,  Fig.  1.  Shews  the  principal  pieces  as  attached  to  the 
upper  pillar  plate  by  means  of  a  pottance  A  B  C  D,  called  the 
repeating  pottance,  kept  to  its  place  by  the  fcrew  x. — a  b  (hews 
the  pendant  attached  to  a  fteel  axis  upon  which  the  repeating 
apparatus  is  fixed  and  carried.  In  the  a6lual  time  piece  thefe 
parts  are  as  clofe  to  each  other  as  convenience  will  allow ;  but 
they  are  here  reprefented  for  the  fake  of  diftinfilnefs,  as  if  at 
a  diftance  from  each  other.  Thus  they  are  made  to  a£I  and 
perform  the  ftriking  by  turning  the  axis  of  the  pendant  to  the 
right  or  left. 

c  is  a  part  of  the  bell  Seen  edgevvile,  d  and  /  are  two  arms 
or  pallets,  which  being  fitted  upon  fquares  on  the  axis  are 

4  moved 
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New  nnd  fimpte  moved  round  whenever  the  axis  is  moved  by  means  of  the 
repeating  mo-  pendant.  The  firfl:  d  ferves  to  drive  the  work  tor  finking  the 
hour,  and  the  latter  l  the  work  for  the  quarters.  The  firfl  ot 
thefe  apparatufes  confifls  of  c  the  hour-locking  fnail  (feealfo 
Fig.  2.)  which  is  fitted  on  the  axis  by  a  round  focket  or  pipe, 
upon  which  focket  alfo  is  fixed  (fleadily)  the  hour  repeating 
wheel  g  (Pig-  1  and  2,)  and  (on  a  round  part)  the  ratchet 
wheel  h,  which  lad  is  drawn  by  a  fpiral  fpring  k  k  in  the  di¬ 
rection  oppofite  to  that  which  is  produced  by  the  pallet  d  [Fig. 

1  and  2)  s  is  the  hammer  urged  by  its  fpring  v  outwards,  and 
the  defigner  has,  I  am  forry  to  perceive,  omitted  to  make  a 
frnall  tail  from  the  center  pin  near  k  towards  g  the  hour  repeat¬ 
ing  wheel.  Now  the  aClion  of  flriking  is  Amply  this ;  when 
by  turning  the  pendant  dacls  upon  the  frnall  pin  in  e,  the  wheel 
g  with  its  ratchet  wheel  A  are  carried  round,  and  the  teeth  of 
g  a£t  on  the  tail  of  the  hammer,  and  give  more  or  fewer  flrokes, 
according  to  the  number  that  pals. 

The  number  is  regulated  thus,  a  (Fig.  4.)  is  the  flar-wheel 
as  ufual,  and  b  the  hour  fnail  ferewed  on  the  fame;  c  is  the 
click  with  its  back  fpring,  and  n  z  is  the  hour-locking  lever, 
which  terminates  in  an  hook  at  z  that  may  be  feen  in  Fig.  2. 
bearing  againft  the  hour-locking  fnail  e.  This  hook  will  evi¬ 
dently  be  nearer  to  or  farther  from  the  axis  of  the  Iocking-fnail 
e,  according  to  the  portion  of  the  other  end  of  the  lever  which 
bears  againfl  the  hour  fnail  b,  and  will  confequentJy  flop  the 
pendant  in  its  motion  fooner  or  later  by  its  oppofition  to  one  of 
the  flops  of  the  fnail  e.  As  the  flar  wheel  a  is  carried  regu¬ 
larly  round  by  the  canon  pinion  as  ufual,  its  fituation  will  de¬ 
termine  the  number  of  flrokes. 

The  inflant  the  pendant  is  let  go,  the  fpring  k  ads  upon  the 
ratchet  wheel,  and  retlores  the  original  fituation  ready  for 
flriking  again. 

After  this  account  of  the  hours,  the  flriking  of  the  quarters 
will  require  little  explanation,  /  (Fig.  1  and  5.)  is  the  pallet 
or  arm  adling  (by  a  reverfe  motion  of  the  pendant,)  on  the 
locking  fnail  in,  which  carries  the  contrate  wheel  p,  for  flriking 
the  quarters  by  its  action,  upon  another  tail  r  of  the  hammer  ; 
and  the  original  fituation  is  reftored  by  a  ratchet  wheel  O  and 
its  fpring,  (fee  Fig.  6.) 

In  f  4.  is  feen  the  quarter  fnail g  with  its  lever  hk,  whofe 
book  for  regulating  the  number,  may  be  feen  at  D  in  Fig.  5. 
and  the  fnail  is  prevented  from  going  back  by  a  fixed  hook. 
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Prize  for  the  Artificial  Compofuion  of  Palladium. 

|  . 

iLN  conlequence  of  the  intimation  received  by  the  anonymous 
paper  of  which  a  copy  is  given  in  the  Iaft  number  of  this 
Journal,  at  page  75,  I  waited  upon  Mrs.  Fortier,  who  per- 
fonally  allured  me  that  the  holds  the  turn  of  twenty  pounds, 
(which  was  paid  to  her  by  the  fame  unknown  perfon  who 
placed  the  palladium  in  her  hands,)  under  the  trufl  or  engage¬ 
ment  to  pay  the  fame  to  the  bearer  of  the  certificate  mentioned 
on  the  faid  paper,  at  any  time  before  Midfummer  next;  and 
that,  if  not  claimed  during  that  time,  (lie  fhall  afterwards 
conlider  herfelf  at  liberty  to  repay  the  money  when  demanded 
by  the  fame  unknown  perfon. 

I  have  therefore  requeued  Charles  Hatchett,  Esq.  F.  R.  S. 
and  Edward  Howard,  Esq.  F.  R.  S.  to  join  myfelf  as  judges 
of  the  product  which  may  be  made  in  our  prelence,  agreeably 
to  the  before-mentioned  paper  ;  to  which  propolal  they  have 
confented.  And  I  have  no  doubt  but  that  the  com  million  will 
enable  me  to  prefen t  to  my  readers  an  account  of  whatever 
may  be  the  refult  of  this  public  invitation. 


Prize  adjudged  at  the  lajt  Public  Meeting  of  the  National 

Ihfiitute *. 

THE  decree  of  the  government.  May  the  2nd.  1803,  that  Annual  prize  for 
anthorized  the  Inftitute  to  accept  the  capital  of  10000  franks,  moft  ufeful 
[417c£.]  offered  by  Lalande,  exprefles,  “  that,  agreeably  to  the  pa,*eror  ofc&rva- 
intention  of  the  donor,  the  intereft  thould  be  laid  out  annually  don. 
in  a  gold  medal,  which,  or  its  value  in  money,  fhould  be 
given  to  the  perfon,  in  France  or  elfewhere,  the  members  of 
the  Inftitute  only  excepted,  who  fhould  have  made  the  ob- 
fervation,  or  written  the  memoir,  that  might  appear  moft 
conducive  to  the  progrefs  of  aftronomy.” 

Accordingly,  on  the  report  of  the  committee  nominated  for  Decreed  to 
the  purpofe,  the  phylical  and  mathematical  clafs  decreed  the  Dr*  Olbers  for 
prize  to  Dr.  W.  Olbers,  for  having  difeovered,  in  the  courfe  a  ^  ^ 

of  the  year  10,  the  planet  to  which  aflronomers  have  given 
the  name  of  pallets  olberfiana. 


La  Decade  Philofopbique.  No.  29  •  July  1803.  p.  142. 


the 
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Before  this  difeovery  Dr.  Gibers  enjoyed  confiderable  re¬ 
putation  among  aftronomers,  for  a  diflertation  on  the  molt 
eafy  and  commodious  method  of  calculating  the  orbit  of  a 
comet ;  and  for  the  laborious  calculations  and  obfervations 
he  had  made,  to  re-difcover  Ceres,  or  Biazzi’s  planet,  which 
in  tact  lie  did  perceive,  and  was  the  firft  to  announce  to  us. 


Teylerian  Society  at  llaarlan .* 

THIS  fociety  has  propofed  the  following  queftion: 

“  Has  the  application  of  pretended  fupernatural  principles 
to  phyfics  contributed  to  the  progrefs  of  the  fcience  ?  or  does 
not  the  hiftory  of  this  fcience  prove  on  the  contrary,  that  all 
the  progrefs  made  in  natural  philofophy  has  been  owing  to  ob¬ 
fervations,  experiments,  the  concluiions  drawn  from  them, 
and  mathematical  calculations  and  demonftrations  ?” 

The  prize  is  a  gold  medal  of  the  value  of  400  florins  (o£>40), 
and  the  anfvvers  to  the  quefiion,  written  in  Dutch,  Latin, 
French,  Englirti,  or  German,  muff  be  fent  to  the  fociety  be*» 
fore  the  111  of  April,  1804. 

***  The  explanation  of  the  fubjefts  of  the  queries  of  R.  B. 
in  our  lajt,  ( page  7  1 .)  arc  deferred  for  leant  of  room. 

*  La  Decade  Philofophique ,  No.  33.  Auguft,  1802.  p.  382. 


A/u/i.'tr  . .hup 'fit  Ct*. 


*  '  •  * 


. 


* 


FhiLos.  Journal  Vo  L.  Ill  VI.  VL 


Sc  HufsfH  1 


Philo?  Journal  Vol  .  J7Z.  Vl.VlI.p.iOo 


Urawrv  by  blunt . 


Hlrufra.v^tt  by  Mutiow . 


A 


JOURNAL 

OF 

natural  philosophy,  chemistry, 

AND 

THE  ARTS. 


MARC  H,  1804. 


ARTICLE  I. 

Defcription  of  a  new  Steam  Digefter  for  Philofophical  Refearches. 

By  Sir  A.  N.  Edklcrantz,  Counfellor  of  the  Chancery,  and 
private  Secretary  to  the  King  of  Sweden  ;  Member  of  the 
Swedifh  Academy,  fyc.  fyc.  Communicated  by  the  Author. 

The  interefting  and  curious  phenomena  which  this  machine  Excellence  and 
prefented,  from  its  firft  difeovery  by  Papin,  have  always  ren- 
dered  it  a  defirable  part  of  the  chemical  apparatus ;  but  the 
difficulties  and  dangers  attending  its  ufe,  have,  at  the  fame  time, 
prevented  its  applications  from  being  fo  general,  as  the  impor¬ 
tance  of  the  object  feemed  to  promife.  Many,  and  fome  of 
them  fuccefsful,  attempts  have  been  made  to  adapt  this  inftru- 
ment  to  economical  and  culinary  ufes;  but  thefe  being  com¬ 
monly  limited  within  very  few  degrees  of  heat  above  the  boiling 
point,  fuch  digefters,  though  they  can  be  ufed  with  fafety,  are 
at  Ieaft  inaccurate  in  the  permanence,  and  uncertain  in  the 
determination  of  the  elafticity  and  heat  of  the  vapours  a&ing 
in  each  experiment,  which  confequently  cannot  be  either  pre- 
cife  or  comparable  with  others :  and  though  feveral  ingenious 
philofophers,  fuch  as  Watt,  Betancourt,  Smith  of  Geiffen,  Van  Improvement, 
Marum,  &c.  have  in  later  times  very  much  improved  their 
fcientific  application,  enough  of  imperfe&ion  ftill  feems  to 
remain  to  prevent  their  general  ufe,  and  to  afford  Efficient  fcope 
for  further  improvements. 
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The  ufual 
method  of 
doting  the  di¬ 
gefter  is  faulty 
in  many  re- 
fpcds. 


New  cover 
which  fits  by  a 
conical  interior 
Airfacc,  without 
(packing. 


Inconvenience 
of  this  contri¬ 
vance. 


As  long  ago  as  the  year  1793  I  applied  my  thoughts  to  ref* 
der  this  inftrument  Iefs  imperfect,  and  though  I  cannot  flatter 
myfelf  with  having  fucceeded  in  any  confiderable  degree,  a 
tliort  account  of  my  attempts  may  not  perhaps  be  thought  quite 
ufelefs. 

My  fir  ft  objedt  was  to  obtain  a  perfect  clofure  for  the  digefter, 
which  is  necefl'ary  not  only  for  increafing  the  heat,  but  alfo  for 
preferving  the  contents.  In  former  contrivances  this  has  ge¬ 
nerally  been  effected  by  a  metallic  cover  prefted  on  the  lop  of 
the  veffel  by  means  of  ferevvs,  wedges  or  other  mechanical  con¬ 
trivances,  with  a  circular  piece  of  leather,  paper,  or  other  foft 
material  between  both.  I  alfo  tried  thefe  methods  in  a  great 
variety  of  ways,  but  always  found  fuch  covers  either  leaky,  on 
applying  moderate  preft'ures,  or  when  the  prefture  was  ftronger, 
too  cumberfome  for  a  courfe  of  varied  and  repeated  experi¬ 
ments.  Betides  which,  at  the  degree  of  260  or  270°  Fahr. 
the  leather,  as  obferved  before  by  Mr.  Betancourt,  is  commonly 
decomposed  or  burnt,  and  linen  or  paper  ceafe  to  clofeat  a  ftill 
lower  temperature;  as  toon  as  the  moifture,  they  are  imbibed 
with  becomes  converted  into  vapour.  1  therefore  ufed  another 
cover  of  a  particular  kind,  confiftingof  a  thick  circular  plate, 
with  its  edge  turned  conical,  and  ground  to  fit  exadilyin  the 
under  tide  of  a  metallic  ring  of  the  tame  conical  form,  folded 
to  the  mouth  of  the  digefter,  in  which  the  plate  was  previoufly 
included.  When  the  veftel  was  ready  for  experiment  and  the 
plate  lifted  up  to  as  to  apply  to  the  ring,  it  clofed  as  exadtly  as 
could  be  deftred,  and  the  increafed  force  of  the  fteam,  which 
tends  to  render  other  covers  defective,  had  in  this  a  contrary 
effedh  Two  difficulties  were  thus  overcome,  that  of  a  cum¬ 
berfome  prefting  apparatus,  and  the  infufticiency  of  packings; 
but  as  the  circular  plate  in  this  conftrudtion  was  made  to  re¬ 
main  conftantly  in  the  digefter,  I  found  that  though  it  was  laid 
near  the  fide  of  it,  in  tome  experiments  this  mode  was  attended 
with  an  inconvenience  which  I  was  defirous  of  removing.  I 
fucceeded  by  making  another  circular  ring,  turned  with  both 
tides  conical,  to  be  put  between  the  circular  plate  and  the  open¬ 
ing  of  the  digefter,  fitting  exadtly  to  each  ot  them.  This  ring 
ab,  Fig.  5.  Plate  IX.  paftes  over  the  cover  cd,  when  both  are 
lowered,  the  ring  remaining  in  thedigeftor;  but  the  circular 
plate  is  taken  out  through  the  enlarged  opening  ef.  Though 
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I  had  by  this  contrivance,*  in  a  great  meafure  diminiffied  the 
inconveniences,  yet  the  intermediate  ring  remaining  in  the 
veffel,  and  the  increafed  difficulty  of  executing  a  more  com¬ 
plicated  inftrumenl,  urged  me  to  attempt  fome  other  more  ex¬ 
peditious  mode  of  doting. 

I  ffiould  almod  be  affiamed  to  confefs  that  the  moft  fimple  Simple  and  mod 
and,  as  I  prefume,  the  bed  contrivance  of  all,  did  not  occur  accurate  cbiure. 
to  me  before  I  had  tried  the  more  complicated  ones ;  if  many 
refpeciable  examples  had  not  proved  that  the  eafied  and  fhorted 
method  is  often  the  moft  difficult  to  find.  The  reafon  is  obvi¬ 
ous :  Simplicity,  like  truth,  is  only  one;  the  bye  paths  of 
error  are  innumerable. 

This  method  confids  in  making  the  cover  limply  an  oblong^  Defcription  of 
fquare,  or  oval  plane  brals  plate,  accurately  ground  againd  the  the  fame.  It  18 
inferior  furfaceof  a  fimilar  frame  of  the  fame  metal,  fixed  and  fits  againft  a 
foldered  to  the  opening  of  the  digeder.  This  frame  has  an  Surface  within, 
oblong  aperture,  through  which  the  cover  may  be  put  in  or 
taken  out  at  pleafure.  When  put  in  and  preded  gently  againd 
the  frame,  it  will  by  the  means  of  a  little  oil,f  have  adhedon 
enough  to  bear  its  own  weight,  till  the  deam  begins  to  a£t, 
which  will  clofe  it  perfectly.  But  for  greater  fecurity  a  fmail 
piece  of  wood,  fixed  with  a  fcrew,  will  keep  the  plate  joined 
to  the  frame,  and  ferve  at  the  fame  time  as  a  handle.  Fig.  1„ 

Plate  IX.  reprefents  the  longitudinal  feftion  of  the  whole  in- 
drument,  with  all  its  parts;  a  b  is  the  covering  plate,  ground 
and  fitted  againd  a  fquare  metallic  frame  cdt  foldered  X  to  the 
veffel  at  ef,  which  ought  to  be  made  of  hammered  copper  at 
lead  lif  line  thick.  Fig.  2  is  the  tranfverfe  fe&ionof  the  fame 
apparatus,  and  Pig.  3.  apian  of  the  brafs  plate,  where  the  dot¬ 
ted  lines  mark  the  opening  of  the  frame  c  d,  Fig.  1.  and  the 


*  The  digefter  with  a  conical  plate,  and  the  fafety-pldon  defcribed 
below,  firft  executed  in  Stockholm,  1793,  was  exhibited  to  the 
members  of  the  Royal  Society  in  Berlin,  in  Feb.  1802;  and  a  de¬ 
fcription  of  it,  printed  in  the  Obfervations  Phyiiques  of  Mr.  Dela- 
metherie,  Feb.  1803. 

f  The  different  force  of  adhefion  of  the  fame  metal,  in  employ¬ 
ing  different  oils,  is  remarkable,  and  may  afford  a  field  for  future 
inveftigation. 

x  Befides  foldering,  the  parts  fliould  be  joined  together  with  rivets 
$>r  (crews, 
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Peculiar  fafety 
valve  by  which 
the  prdlure  may 

be  regulated. 


Conditions  for 
accurate  experi¬ 
ment  with  the 
digefter.  x.  To 
know  the  tem¬ 
perature.  2. 
To  command 
the  heat,  and  3. 
To  render  it 
fteady  though 
the  fire  be  not 
fo. 

The  temper¬ 
ature  meafured 
by  a  thermome¬ 
ter. 


part  covered  by  the  fame.  Fig.  4.  hi  is  the  wooden  hand/tf 
turninground  the  fere w  g,  Fig.  ],  2.  to  connect  the  metallic 
planes.  It  is  a  kind  of  button  or  key. 

My  next  object  was  to  render  the  internment  fafe,  and  to 
place  the  operator’s  mind  independent  of  any  apprehention  ot 
fatal  accidents.  For  this  purpofe,  (betides  the  ftrength  of  the 
vetfel  and  its  different  parts,  which  ought  to  be  as  folid  as  con¬ 
veniently  can  be  made,)  a  metallic  cylinder  mn  is  fixed  to  the 
plate  a  h,  to  the  inferior  open  extremity  of  which  a  metallic 
fphere  vib,  perforated  with  fmall  holes,  adheres  by  mere  fric¬ 
tion,  allowing  the  vapour,  but  not  the  folid  or  other  matters, 
to  pafs  into  the  cylinder,  which  contains  a  folid  pifion  k  o,  made 
of  the  fame  metal  *  and  exa&ly  ground  into  it,  fo  as  to  fink 
down  by  its  own  weight  if  lifted,  without  however  permitting 
the  vapour  to  efcape.  This  vapour  when  heated  to  a  certain 
degree,  will  raife  the  pifion  above  one  or  more  of  the  capillary 
holes  ss,  on  the  fide  of  the  cylinder  and  then  efcape.  The  pifion 
will  remain  fiationary  or  ofcillating  at  a  height,  where  the 
quantity  of  fieam  efcaping  is  equal  to  the  quantity  produced 
in  the  fame  time  by  that  fire,  confequently  at  a  low'  point  if 
the  fire  is  weak,  or,  if  the  fire  is  intenfe,  at  the  top,  where  a 
larger  hole  prefents  a  compleat  ifiue  to  the  fieam  and  prevents 
the  pofiibility  of  accidents. 

To  adapt  the  infirument  thus  confirucled  to  exa£t  and  com¬ 
parative  philofophical  experiments,  three  things  feem  to  be 
required :  1 .  to  afeertain  the  degree  of  heat  of  the  interior 
fluid  contents  f  by  a  thermometer;  2.  to  increafe  that  heat  at 
pleafure;  and  3.  to  fix  it  invariably,  if  it  be  de fired,  inde¬ 
pendent  of  the  pofiible  increafe  of  the  fire,  during  the  courfe 
of  the  experiment. 

The  firft  is  obtained  by  means  of  a  fmall  iron  cup  p  q,  fol- 
dered  into  the  plate,  and  containing  fome  mercury.  A  fine  ther¬ 
mometer  pafied  through  a  cork,  being  fixed  in  the  cup,  th« 

*  Great  care  fhould  be  taken  to  make  both  of  the  fame  metal,  for 
in  one  inftance  when  I  had  the  pifton  made  of  the  fame  brafs  with 
the  cylinder,  but  of  another  day’s  calling,  this  infinitely  fmall  dif¬ 
ference  was  (till  fufficient  to  produce  a  different  force  of  expanfion, 
in  confequence  whereof  the  pifton,  which  moved  freely  at  2 12% 
ceafed  to  move,  and  was  quite  faftened  at  260°. 

+  It  is  perhaps  fuperfluous  to  obferve  that  a  digeftor  is  only  in¬ 
tended  for  experiments  with  fluids  or  bodies  furrounded  with  them, 
and  confequently  never  contains  materials  in  a  dry  Hate, 

degree 
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degree  of  heal  is  eafily  obferved  on  the  Item.  This  degree 
will  not  be  exactly  the  fame  with  that  of  the  interior  (pace;  it 
fhews  always  lomewhat  lefs,  which  fa£t  was  long  time  ago  ob¬ 
ferved  by  Mr.  Braun  of  the  academy  of  Peterfburg;  but  the 
difference  is  fmall,  and  being  once  afcertained,  by  experiment 
made  on  purpofe,  a  due  correction,  by  adding  that  difference, 
is  eafily  made. 

The  heat  is  communicated  in  my  apparatus  by  a  common  The  heat  given 
.Argand’slamp,  which  was  always  found  fuflicient  and  of  which  ^  *  lainP* 
the  effect  may  be  regulated  by  the  pinion  of  that  inffrument. 

If  time  be  an  object,  or  if  the  digeffer  is  much  more  than 
double  the  fize  of  Fig.  1.  the  fcale  of  which  is  one  third  of  the  - 
real  fize,  tw'o  fuch  lamps  may  be  applied.  But  a  lamp  with 
fpirit  of  wine  and  three  wicks  will  fupply  fire  enough  for  a  tem¬ 
perature  of  270  or  280  if  the  digeffer  be  fmall  and  exactly 
clofetl.  As  the  atmofphere  continually  takes  aw'ay  a  part  of 
the  heat  communicated  to  the  veflel,  it  is  only  the  difference  of 
the  communicated  and  diffipated  heat  which  acts  onthefteam, 
and  determines  the  limits  of  its  force,  when  the  fire  is  weak, 
and  the  digeffer  of  a  large  fize.  On  the  other  fide,  the  heat  The  he»tis  con- 
of  the  interior  fluid  and  the  elafticity  of  ffeam  correfponding  to  prefling  weight 
it,  cannot,  after  having  lifted  the  piffon,  be  encreafed  by  a  be  net  changed, 
continued  fire  or  by  a  greater  number  of  lamps,  but  remains 
from  that  moment  conftant,  which  feems  to  be  a  particular 
property  of  this  conffruftion.  A  farther  increafc  of  heat,  as 
the  2d.  defideratum,  can  only  be  obtained  by  oppoffng  a  greater 
refi fiance  to  the  action  of  the  vapour  beneath  the  furface  k, 
which  is  performed  by  loading  the  piffon  with  one  or  more  of 
the  yveights  r  r.  Fig.  1 .  Thus  we  may  either  add  new  weights 
progreffively,  till  the  thermometer  indicates  the  degree  of  heat 
required,  or  knowing  by  the  former  experiments  of  philofophers 
the  correfponding  ratio  of  increafed  preffure  and  heat  of  elaftic 
fluids,  we  can  load  the  piffon  at  once  with  a  weight  propor¬ 
tional  to  the  intended  heat  and  the  furface  of  its  bafe  k.  This 
will  then  rife  as  foon  as  that  degree  is  produced,  and  allowing 

the  ffeam  to  efcape  from  one  or  more  of  the  holes  *  prevent  What  is  the 

iecond  condi* 

*  By  what  is  faid  above  it  is  evident  that  the  height  of  the  piffon,  tlon* 

•r  the  number  of  the  holes  open  to  the  ffeam,  is  of  no  confequence, 
it  being  always  comprefled  by  the  fame  weight,  and  afling  with  the 
fajne  elafticity.  The  quantity  produced  is  only  different, 
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any  further  increafe  of  the  heat,  which  will  remain  invariable 
as  the  third  defideratum  required.* 

Very  great  dif-  Here  it  feems  proper  once  again  to  infift  upon  (lie  great  im- 
advantage  of  portance  of  a  perfect  clofure  in  this  inftrument.  If  the  heated 
fure  of  the  di-  fteam,  by  inaccuracy  in  the  conftru&ion,  is  permitted  to 
geitjr*  efcape,  not  only  a  great  part  of  the  contents  is  wafted  with¬ 

out  any  ufe,  before  the  experiment  can  be  faid  to  begin,  which 
fometimes  obliges  us  to  open  thedigefter  and  fill  it  a  fecond  time* 
but  even  fome  of  the  materials  may  be  altered  and  decompofed 
before  the  intended  effeCl  can  take  place.  Still  more,  very 
often  in  fuch  cafes,  a  ftrong  kitchen  fire,  wfith  the  greatefi 
exertions  of  the  operator,  (not  to  mention  the  trouble  and 
inconvenience  of  fuch  an  operation)  is  inefficient  to  afford 
the  degree  of  heat,  which  a  tingle  lamp,  placed  with  the  ap¬ 
paratus  on  a  fmall  writing  table,  would  produce  w  ith  eafe,  and 
without  wafte  of  the  materials. 

In  the  prefers  ftate  of  natural  philofophy,  the  progrefs  of 
the  fcience  feems  to  depend  in  a  great  meafure  on  the  perfection 
of  our  internments.  In  this  point  of  view  the  preceding  attempts 
to  render  a  little  ufed  but  very  excellent  machine  more  fafe, 
exadt,  and  convenient  f,  may,  if  it  fhould  not  anfwer  that  pur- 
pofe,  at  Jeaft  give  rife  to  other  more  fuecefsful  improve¬ 
ments. 

•  A  fhort  defeription  of  this  contrivance  was  prefented  to  the 
Philofophical  Magazine  in  June,  1803,  and  pubhthed  in  December 
the  fame  year 3  but  by  the  ufe  of  the  word  pijlon  inftead  of  di - 
gejler  in  a  note,  an  erroneous  ftatement  is  given  in  the  printed 
account,  which,  however  trifling  it  may  appear,  it  is  proper  to  cor¬ 
rect,  as  this  part  of  the  inftrument  has  not  been  changed  at  all,  fince 
it  was  firft  made  and  known  in  Sweden  ten  years  ago.  In  the 
fame  paper  I  propofed  the  ufe  of  it  for  regulating  the  fire  in  boilers 
of  fleam  engines,  &c — and  its  effeCt  as  a  regulatory  both  of  the 
po  wer  of  the  f  eatiiy  and  the  intenfity  of  the  f.rey  depends  entirely 
upon  the  weight  being  conftant  and  invariable  in  the  whole  motion 
of  the  pifton. 

+  Digefters,  as  deferibed  in  this  paper,  are  made  by  Mr.  Fidler, 
mathematical  inftrument  maker,  23,  Ox  ford -market,  London. 
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II. 

Inveftigation  of  certain  Theorems  relating  to  the  Figure  of  the 
Earth.  By  John  Playfair,  F.  R.  S.  Edin.  and  Frofeffor 
of  Mathematics  in  the  Univerfty  of  Edinburgh. 


(Concluded  from  Page  1 16.^) 

21.  A  REMARK,  that  is  in  no  danger  of  being  reckoned  This  method  by 

hypothetical,  is,  that  the  concludon  derived  from  the  compa-  -he  mend'an  and 

rilon  or  degrees  ot  the  meridian,  with  degrees  of  the  circle  ismore  errone- 

perpendicular  to  it,  becomes  of  neceffity  more  liable  to  error  °us  ,th?  high9f 
,  •  *  *  ,  ,  .  ,  J  _  .  the  latitude, 

as  we  advance  into  higher  latitudes.  The  realon  is,  that 

whatever  error  is  committed  in  determining  the  magnitude  of 

D'  —  D,  mud  be  multiplied  into  the  fquare  of  the  fecant  of 

the  latitude,  in  order  to  give  its  full  effect  in  changing  the 


value  of  the  fraction  L.  For  it  has  been  ftiewn  that  —  =s 

&  a 


1  /D'—  D  \ 

A  D' ’  ) 


fee  3$;  now,  if  we  fuppofe  the  error  committed 


in  afeertaining  D'—  D  to  be  in  all  cafes  the  fame,  the  error 

jy _ r) 

of  the  fra£lion  — — —  will  alfo  be  in  all  cafes  nearly  the  fame, 

the  denominator  D'  being  but  little  affected  either  by  the  fup- 

pofed  error,  or  by  the  change  of  latitude.  But  this  error, 

which  may  thus  be  confidered  as  a  condant  quantity,  when 

....  1  .  .  .  c 

multiplied  into  —  fee  *£,  gives  the  variation  or  error  in'-, 

zj  CL 


which  error  therefore  increafes,  eater  is  paribus,  as  the  fquare 
of  the  fecant  of  the  latitude,  fo  that,  on  approaching  the  pole, 
it  increafes  without  limit,  and  is  ultimately  infinite.  Compa- 
rifons  of  this  kind  may  therefore  be  expected  to  give  relults  the 
more  accurate  the  nearer  they  are  to  the  equator,  under  which 
circle  they  will  bp  the  mod  accurate  of  all.  Here,  again, 
however,  another  circumdance  mud  be  taken  into  confidera- 
tion,  viz.  that  the  method  of  afeertaining  the  differences  of 
longitude  by  the  eonvergency  of  the  meridians,  fo  convenient 
in  furveys  of  this  kind,  is  applicable  only  in  high  latitudes.  In 
t  trigonometrical  furvey,  therefore,  of  a  country  lying  much 
farther  fouth  than  Britain,  a  diderent  method  of  afeertaining 
the  longitudes  of  places  mud  nece (Tardy  be  adopted. 
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22.  The  theorems,  which  were  next  propofed  to  be  conff 


To  determine 

the  figure  of  lllC(jered,  are  thofe  that  determine  the  figure  of  the  earth  from  the 
fares  of  the  per-  meafures  of  degrees  of  the  curve  perpendicular  to  the  meridian, 
pendicular  in  jn  different  latitudes.  For  this  purpofe  let  D'  be  a  degiee  of 
tudeLent  lat'"  Qne  fhefe  curves,  in  the  latitude  and  D"  a  degree  of  one 
of  them,  in  another  latitude  .  Then  c  being  the  compreflion, 
as  before,  we  have  by  §  18.  a  -j-c  fin  *?>', 

and  alfo  rnX)1'—  a  -f-  c  fin 

Hence  in  (D'—  D/A)  =  c  (fin  2P  —  fin  and 

f  mlD'-T)") 

therefore  c  =  )in  „n  ^ 

This  formula  may  be  rendered  more  convenient  for  calcula* 

,  1  —  cof  2?/ 

tion,  by  confidering  that  fin  = - - - , 


fo  that 


fin  *<p'-finBr  = 
cof  2<p/'—  cof  2$' 


1  —  cof  2 <pr—  1  -f-  cof  2<P‘ 


// 


But  cof  2Q"—  cof  2$'=  2  fin  (<?>'  -f-  tyf)  x 


fin  ($'  —  wherefore  fin  fin  2W  —  fin  +  x 

fm  (?'-  <?"),  and  c  =  lin  ($'+$'')  x  lin  (<p'— 

23.  In  the  fame  manner,  becaufe  7//D'  =  a  -f-  c  fin  a$',  by 
fubfiituting  for  c,  we  have 

mD  -  a  +  fin  {(fI+  x  fin  p,y  and 
m(D'—  D'  )  fin 

a  =  mD'  -  fin  y  fin  ((p/  _  y>y 

24.  Lafily,  fince  77/D'  =■•  a  -f-  c  fin  *V, 

and  77/ D"  =  a  -f-  c  fin  2$'\ 

dividing  the  firft  of  thefe  equations  by  the  fecond,  and  reje$~. 
jng  the  higher  powers  of  c,  we  have 
D'  c 

jyy=  1  -f-  ~  (fin  —  fin  2?>//)i  an<^  therefore, 

D' 


c 

a 

a 


D 


// 


-  1 


fin  2<P'~  fm 
D' 


Hence  alfo 


D7/ 


-  1 


fin  {$'  4-  <p")  x  fin  ($'  -  $")  ;  or  more  conveniently  for 

c  D/  —  D" 

calculation  by  logarithms,  -  = 

7  6  a  D ' fin  (V+Q")  x  fin {#-$») 

25.  We 
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C 

25.  We  may  compare  this  value  of  -  with  that  obtained  in  To  determine 

^  the  figure  of  th 

§18.  from  other  data,  in  order  to  determine  which  of  the  two  eart^  frommea 

c  fu res  of  the  per 

methods  of  finding  -  is  to  be  preferred,  under  given  circum-  pentfipubrin 

a  D  difterent  latu 

fiances.  Suppofe,  for  inftance,  a  degree  of  the  curve  perpen-  tudeSf 
dicular  to  the  meridian,  in  the  latitude  <p'  to  be  D',  and  a  de¬ 
gree  of  the  meridian  itfelf  in  the  fame  latitude  to  be  A7;  it  is 
required  to  find  in  what  other  latitude  a  degree  D7/,  per-? 
pendicular  to  the  meridian,  mud  be  meafured,  in  order  that  the 
comparison  of  D'  and  D/7,  and  of  D'  and  A,  may  give  values 

of  -,  in  which  the  probable  error  is  the  fame, 

Here,  agreeably  to  an  observation  already  made,  we  may,  in 

c 

order  to  efiimate.  the  error  produced  in  — ,  in  confequence  of 

an  error  in  the  determination  of  D7,  and  D'7,  and  A,  fuppofe 
the  error  to  affedt  D7  —  D7/,  or  D7  —  D77  only,  without  paying 
any  regard  to  the  variation  of  D7  in  the  denominator.  There- 

c  D/ —  A 

fore,  fince  by  §  18  we  have  -  =  — — - and  again  by  §  24, 


P 

a 


D'-  D77 


T /r  r  .-rjrr,  if  we  fuppofe  equal  errors  in  de- 

D"  (fin  —  fin  *?")  ^ 

termining  D7—  A,  and  D7  —  D",  and  alfo  that  thefe  are  the  only 

errors,  their  effect  will  be  the  fame,  in  both  cafes,  if  2  cof  <p'z 

s=  fin  [Z(P'  —  fin  Now,  if  we  fuppofe  $f/  the  quantity 

fought,  and  add  cof  to  both  tides  of  the  preceding  equation, 

then  3  cof2?'  =  fin  z<p/  -f-  cof  —  fin  2<P”  =  1  —  fin  = 

£of  The  latitude  therefore  mull:  be  fuch,  that  cof  <P" 

ZZ  x/  3  x  cof  <P',  If,  therefore,  be  fuch  that  cof  <£'  ZZ 


J-,  the  cofine  of  $n  will  be  1,  and  therefore  ZZ  0.  Now, 

V3 

5 4°  44' is  the  arch  of  which  the  cofine  ZZ  nearly,  therefore 

V3 

if  a  degree  of  the  meridian,  and  of  the  perpendicular  to  it,  be 
meafured  in  latitude  54°  44',  the  comparifon  of  thefe  with  one 
another  will  give  a  refult  as  accurate  as  if  the  degree  of  the 
perpendicular,  in  that  latitude,  were  compared  with  the  de¬ 
gree  at  the  equator,  and  more  accurate  of  confequence,  than  if 
any  other  degree  of  the  perpendicular  to  the  meridian,  were  to 
pc  compared  with  D7, 


26.  Hence, 


I 
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To  determine  26.  Hence,  alfo,  the  comparifon  of  the  degree  of  the  ineri- 
the  figure  of  the  (ljan^  and  Gf  (he  perpendicular  to  it,  in  thefoutb  of  England,  is 
fures  o”.  better  than  if  a  degree  of  the  perpendicular  meafured  in  that 
pcndicular  in  latitude  were  compared  with  a  degree  at  the  equator.  For  if, 

tudesCnt  ljtl"  *n  e<iua^on  C(*l  '  —  (c°f  $')  *  s/  we  make  zz 
50°  41',  (or  any  thing  lets  than  54-°  44',)  will  come  out 
impoflfible. 

27.  It  may  be  thewn,  too,  nearly  in  the  fame  manner,  that 
if  a  degree  of  the  perpendicular  to  the  meridian  were  meafured 
in  Siberia,  as  far  north  as  the  latitude  of  7(.°,  fuppofing  that  to 
be  poflible,and  compared  with  a  degree  in  latitude  45°,  or  even 
confiderably  farther  fouth,  it  would  not  give  a  refult  fo  exa6t  as 
the  degree  of  the  meridian  and  perpendicular  meafured  in  the 
fouth  of  England.  This  thews,  that  the  method  of  ascertaining 
the  figure  of  the  earth,  propofed  by  the  authors  of  the  Trigono¬ 
metrical  Survey,  (Phil.  Trauf.  ibid.  p.  529)  as  a  fubjeft  of 
future  inquiry,  is  lets  exa£t  than  that  which  is  founded  on  their 
own  oblervations. 

Whether  the  28.  We  may  alfo  afeertain,  by  the  fame  means,  the  relative 
eompanfon  of  a  accuracy  of  the  method  of  finding  the  figure  of  the  earth,  from 

degree  of  the  >  -r  r  ,  r  ? 

merid.  and  perp.  the  companion  of  a  degree  of  the  meridian  with  a  degree  of 
in  fame  lat.  be  the  perpendicular  in  the  fame  latitude,  and  of  the  method  of 

thaii  that1”/6'  refolving  the  fame  problem  by  the  comparifon  of  two  degrees 
merid.  degs.  in  of  the  meridian  in  different  latitudes. 

d.fh;ent  <ats.  then,  ])  be  a  degree  of  the  meridian,  and  D'  of  the  per¬ 

pendicular,  in  latitude  $,  and  if  A  be  a  degree  of  the  meridian 
in  a  different  latitude  O',  it  is  required  to  find  whether  the  mot! 

c 

accurate  value  of  —  will  be  found,  by  comparing  D  and  D',  or 

CL 

D  and  A. 

Since  we  have,  by  what  has  been  already  ftated,  §  4, 

7rD  —  a  —  2c  -f-  3c  fin  and 
?»A  =  a  —  2c  -j-  3c  fin  2£',  vve  have  alfo 
.  D  ,  3  c 

7*  =  1  +  T  (^n  ~  and  therefore. 


A 

c 

u 


a 

D  -  A 


3a  (tin  *<p  -  fin 
Now,  it  has  been  already  fhevvn,  that,  by  comparing  D  and 

Suppoting,  therefore,  equal  er- 


~  D'-D 

D  vve  fiave  —  =  - ; — . 

a  2D'  cot 


rors  to  be  committed  in  the  determination  of  D  *-  A,  and  of 

D 
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O'  —  D,  and  alfo  paying  no  regard  to  the  inequality  of  A  and 
Dy  in  the  denominators  of  thefe  fractions,  as  it  is  not  fo  great  as 
materially  to  afFe6t  the  quantity  that  is  fought  for  here,  we  dial] 

c 

have  the  errors  in  -  nearly  the  fame  in  both  formulas,  when  <£ 

a  f 

and  <p'  are  fuch  that  2  eof  =  3  fin  —  3  fin  Z(P',  or  when 

2 

-  col  =  fin  Z<P  —  fin  that  is,  adding  cof  ZQ  to  both  tides. 


'-cof  z(p  zz  fin  z$  -f-  cof  z<p  —  fin  z$'y  and,  therefore, 

-■  cof  ZT  zz  1  —  fin  zq>'  zz  cof  z$',  or  cof  zz  (cof  $)  - . 

si  3 

3 

29.  If,  therefore,  cof  §  ZZ  a/-  ,  cof  0/  ZZ  1,  that  is  <p'  ZZ  0, 

5 


fo  that  A,  the  fecond  of  the  degrees  of  the  meridian,  muff 

3 

in  this  cafe  be  under  the  equator.  But  ^  -  is  the  cofine  of 

5 


39°  14',  in  which  latitude  therefore  if  D  and  D'be  meafured, 
the  refult,  by  comparing  them  with  one  another,  is  as  exa6i  as 
if  D  were  compared  with  the  degree  under  the  equator. 

Hence,  if  D  and  D'  are  meafured  in  a  lower  latitude  than  the 
above,  the  refult  will  be  more  exa<5t,  than  if  D  were  compared 
with  the  degree  at  the  equator. 

If  we  fuppofe  D  and  D',  meafured  in  the  fouth  of  England, 
fo  that  <p  =  50 0  41';  then  we  will  have  (?'zz  35°  7',  fo  that  D 
muft  be  compared  with  a  degree  of  the  meridian  as  far  fouth  as 
35p  7',  in  order  that  the  refult  may  be  as  good  as  when  D  and 
4)'  are  compared  with  one  another. 

From  this  it  is  evident,  that  the  method  of  comparing  de~  The  former  me- 

srrees  of  the  meridian,  and  perpendicular  in  the  fame  latitude,  thod  is  preferable 
o  11  unlefs  the  dess* 

has  even  an  advantage  over  the  comparifon  of  degrees  of  the  0f  the  mer.  be* 

meridian  in  different  latitudes,  unlefs  thefe  Iafi  are  taken  at  a  far  afunder* 
confiderable  difiance  from  one  another. 

In  this  way  may  many  ufeful  conclufions  be  derived  con- 
ce mins’  the  decree  of  credit  due  to  meafurements  already 
made,  as  well  as  with  refpefl  to  the  fele&ion  of  the  places 
where  they  are  to  be  made  hereafter.  On  thefe  I  fhall  enter  The  former  me¬ 
nu  further  at  prefent,  and  fhall  only  add,  that,  befides  the  ad-  ^ 

vantages  or  difadvantages  which  the  method  of  comparing  to-  obfervers  and 
2-ether  decrees  of  the  meridian  and  perpendicular  in  the  fame  the  farne  inftru' 

^  ®  _  «  .  .  ,  .j  merits# 

latitude  has,  and  which  are  fubjefts  of  calculation,  it  has  an¬ 
other 


i 


l 
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other  advantage,  which  in  the  cafe  of  the  Britifh  furvey  is  un¬ 
doubtedly  very  great,  viz.  that  all  the  data  are  furnifhed  from 
one  fyftem  of  trigonometrical  operations ;  executed  according 
to  the  fame  plan,  with  the  fame  inflruments,  and  by  the  fame 
obfervers. 

30.  One  other  application  of  geometrical  meafurements  to 
difcover  the  figure  of  the  earth  yet  remains  to  be  confidered, 
paring  an  arc  of  This  is  the  comparifon  of  an  arch  of  the  meridian  with  an  arch 

parallel  of  latitude  which  croffes  it.  The  mealure  of  a 
el  of  latitude  can  be  executed  readily,  and  is  not  confined 
to  a  finall  arch,  as  in  the  cafe  of  a  perpendicular  to  the  meri-? 
dian.  The  plumb-line,  while  it  is  carried  along  the  circum¬ 
ference  of  a  parallel  to  the  equator,  tends  continually  to  the 
fame  point  in  the  earth’s  axis,  fo  that  there  is  no  difficulty  in 
afcertaining  the  amplitude  of  the  arch  meafured,  providing 
there  be  no  unufual  diflurbnnce  of  the  direction  of  gravity. 
As  an  arch  of  a  parallel  to  the  equator,  however,  is  not  the 
fhorteft  line  between  two  points  on  the  furface  of  the  fpheroid, 
the  meafurement  along  that  furface  will  not  give  the  length  of 
the  arch  truly.  To  obviate  this  difficulty,  it  is  only  neceflary  to 
follow  the  method  fo  properly  introduced  into  the  Trigonome t 
trical  Survey ,  of  reducing  the  meafures,  both  of  lines  and 
angles,  to  the  chords  and  to  the  planes  of  the  rectilineal  trir 
angles  contained  by  them.  In  this  way,  the  chord  of  an  arch 
of  a  parallel  of  latitude  maybe  determined,  however  great  the 
arch  ;  and  it  is  worthy  of  being  remarked,  that,  whatever  be 
the  defleCfions  of  the  plumb-line  at  the  intermediate  flations, 
when  fhe  reductions  are  all  properly  made,  the  length  of  the 
chord  meafured  will  not  be  afleCted  by  them  ;  the  amplitude 
of  the  arch  indeed  may  be  afleCted  by  fuch  defleCtions,  if  they 
happen  at  its  extremities ;  but  the  efteCt  of  this  error  will  be 
rendered  the  lefs,  the  greater  the  arch  that  is  meafured.  We 
may  fuppofe,  therefore,  that  the  chord  of  a  large  arch  of  a 
parallel  of  latitude  is  meafured,  and  the  amplitude  of  the  arch 
itfelf  at  tfle  lame  time  accurately  afcertained.  This  laft  may 
be  done,  either  by  meafuring  the  convergency  of  the  meridians, 
if  it  be  in  a  high  latitqde,  or  by  any  other  method  of  afcertain¬ 
ing  differences  of  longitude  which  admits  of  great  accuracy, 
fhe  chord  being  thus  given  in  fathoms,  and  the  arch  fubtended 
by  it  being  given  in  degrees  and  minutes,  the  radius  of  the 
parallel  itfelf  bypomes  known, 

31.  Novy, 


a 


the  mer.  with 
that  of  a  parellel  ., 
iafamelat.  parau 


To  determine 
the  earth’s 
fionrf*  I'V  rom. 
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Si.  Now,  if  we  would  compare  the  radius  of  a  parallel  thus  To  determine 

found,  with  a  large  arch  of  the  meridian,  we  (hall  have  by  that  corn- 

means  a  determination  of  the  figure  of  the  earth,  not  lefs  to  be  paring  an  arc  of 

relied  on  than  that  given  in  the  beginning  of  this  paper.  ^t^r*  parallel 

The  inveftigation  is  eafy  by  help  of  the  theorems  in  §  5  and  6.  in  lame  lac. 

Let  FO  be  the  radius  of  a  parallel  to  the  equator,  which  paffes 

through  F,  the  latitude  of  which  is  and  is  fuppofed  known  * 

and  let  FO  found  by  the  method  juft  defcribed  be  r,  then, 

a1  cof  $  _  a  cof 

§  4.  r  col  $2  -f-  b2  tin?2  S  ‘2c  * 

v  dJi - fin  <p2 

a 

according  to  the  method  of  redudtion  followed  in  the  pre¬ 
ceding  articles  of  this  paper.  Then,  becaufe  */i  —  —  tin 

a 

~  l  -f*  -  fin  <P2  nearly,  we  have  r  zr  a  cof  ?>  (1  -f-  -  fin$*):=: 


a 


a 

r 


col  $ 


.  Cl  -j— 


*  cof  Q  -f-  c  fin  S  cof  <P,  or  if  we  divide  by  cof  <p, 

€  fin  ?>*.  Let  — — — -  =  l,  then  l  =  a  4-  c  fin 
cot  $ 

52.  Again,  if  q>'  and  are  the  latitudes  of  the  extremities 
of  an  arch  of  the  meridian,  the  length  of  which  has  been  mea- 
fured,  and  found  zz  then,  according  to  §  5  we  have 

I'zzu  (<p/r  —  <p')  —  ~  —  <?>')  +  —  (fin  2 <p"  —  iin  2$')^. 

If,  therefore,  m  be  the  coefficient  of  a,  in  the  former  equation, 

and  n  the  coefficient  of  c  ;  and  if  m!  be  the  coefficient  of  a,  in 

the  latter  equation,  and  n'  of  c,  we  have,  as  in  §  6. 

n'L  —  nlr  .  m'l — mV  _ 

•,andczz — ; ^ ,  or  fince  m  ZT  I, 


a 


a 


mn  —  m  n 
n'l  —  nl' 


n 


m  n 


, andc  ~ 


run' 
m'l  - 


n 


-mn 

V  ir  C  —  m'1 
—  ;  alfo  -  _  — 
a  nl 


l' 


iii  ii 


nlr 


33.  In  this  way  of  determining  a  and  c,  the  parallel  of  lati¬ 
tude  may  either  interfedt  the  arch  of  the  meridian  mealuicd  or 
not.  If  it  interfedt  that  arch,  this  method  may  have  the  fame 
advantage  that  was  taken  notice  of  in  another  lolution,  viz. 
that  the  whole  of  the  data  may  be  furnifhed  from  the  fume 
fyftem  of  trigonometrical  operations,  d  hus,  in  the  furvey  of 
Great  Britain,  an  arch  of  five  or  fix  degrees  of  a  parallel  to 

the  equator  might  be  meafured,  and  compared  with  the  whole 

length 
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To  determine 
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that  of  a  parallel 
in  fame  lat. 


length  of  the  meridian,  comprehended  between  the  northern 
and  fouthern  extremities  of  the  iiland,  amounting  nearly  to 

nine  degrees. 

It  is  plain,  from  what  lias  already  been  faid,  that  the  refult 
deduced  from  this  comparifon  would  poflefs  every  advantage, 
and  would  be  entitled  to  more  credit,  than  any  determination 
of  the  figure  of  the  earth  that  is  yet  known.  v 

34.  On  the  fuppofition  that,  in  a  furvey  of  a  country,  the 
meafurement  is  made  along  a  feries  of  triangular  planes,  all 
given  in  pofition  an c)  magnitude,  there  is  yet  another  method 
of  determining  the  figure  of  the  earth,  more  general  than  any 
of  the  former.  On  the  fuppofition  juft  mentioned,  it  is  evi¬ 
dent,  that  the  length  of  a  firaight  line  or  chord,  drawn  from  a 
given  angle  of  any  one  of  thefe  triangles,  to  a  given  angle  of 
any  other  of  them.,  may  be  found  by  trigonometrical  calculation. 
Let  the  latitudes  be  obferved  at  the  extremities  of  this  chord, 
and  alfo  the  difference  of  longitude  ;  then,  from  the  nature  of 
an  ell  ip  loid,  the  length  of  this  fame  chord  may  be  exprelfed,  in 
terms  of  the  ixes  a  and  b ,  together  with  the  latitudes  of  the 
extremities  of  the  chord,  and  the  difference  of  longitude  be¬ 
tween  them  ;  and  this  expreffion  being  put  equal  to  the  length 
of  the  chord  meafured,  will  give  an  equation,  in  which  all  the 
quantities  ai;e  known,  except  a  and  b.  Further,  if  a  =  b  -}-  c, 
and  if  the  faid  expreffion  be  reduced  into  a  feries,  with  the 
powers  of  c  aleending,  that  feries  will  converge  very  rapidly, 
becaufe  c  is  fmall  in  refpedt  of  a;  then,  for  a  firft  approxima¬ 
tion,  we  -may  reject  all  the  terms  that  involve  the  powers  of  c 
higher  tijan  the  firft,  by  which  means  we  fliall  have  a  fimple 
equatio  n  of  the  form  ma  -\~nc  —  l,  where  m  and  n  are  fun&ions 
of  the  ’latitudes  and  difference  of  longitude,  and  l  is  the  length 
of  the,-  chord. 

I\  gw,  if  a  fimilar  equation  be  derived  from  the  meafurement 
of  a  ny  other  chord,  thefe  two  equations  will  give  a  and  c  in  the 
fame  manner  as  in  §  6  ;  and  thus,  from  the  meafurement  of 
any  two  chords,  the  figure  of  the  earth  will  be  determined. 

So,  The  length  of  the  chords,  thus  meafured,  ffiould  be 
-g,reat,  fo  that  they  may,  if  poffible,  fubtend  angles  offeveral 
degrees,  and  their  pofition  wtII  be  moft  favourable  when  one 
of  them  is  in  the  plane  of  the  meridian,  and  the  other  nearly 
-at  right  angles  to  it.  The  numerical  computation  will  be 
found  lefs  laborious  than  might  be  imagined ;  but  the  com¬ 
plete 
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plete  folution  of  the  problem,  and  the  full  detail  of  the  invefli-  To  determine 
gation,  I  ain  under  the  necefiity  of  delaying  to  fonie  future 
communication.  '  general  method 

There  teems  to  be  but  one  difliculty  of  any  confequence  that  u‘an£,Cj* 
ffands  in  the  way  of  this  method  of  determining  the  figure  of 
the  earth.  It  arifes  from  this,  that  the  afeertaining  the  petition 
of  the  ftippofed  feries  of  triangular  planes  relatively  to  one 
another,  involves  in  it  the  allowance  to  be  made  for  the  ter- 
retinal  refraction,  which  it  muff  be  con  felled  is  not  accurately 
known,  and  is  the  more  difficult  to  determine,  that  it  is  una¬ 
voidably  combined  with  the  irregularities  in  the  direction  of 
gravity.  It  is  poffible,  indeed,  to  feparate  thefe  two  fources 
of  error,  but  not  without  a  fyftem  of  experiments  inflituted  - 
diredtly  for  that  purpofe, 

36.  The  determination  of  the  difference  of  longitude,  which 
enters  necetfarily  into  this  problem,  except  in  the  cafe  when 
both  chords  are  in  the  direction  of  the  meridian,  mutt  alfo  be 
performed  with  great  accuracy.  Among  the  different  ways  of 
doing  this,  that  which  proceeds  by  obferving  the  convergency 
of  the  meridians,  though  the  beft  accommodated  to  the  nature 
of  a  trigonometrical  furvey,  is  not  the  lead  liable  to  objection. 

For,  not  to  mention  that  it  is  only  practicable  in  high  latitudes, 
we  mud  obferve,  that  it  always  implies  a  correction  on  account 
of  the  ellipticity  of  the  meridian,  which  is  therefore  necetfarily 
hypothetical,  and  depends  on  the  very  thing  that  is  to  be  found. 

This  inconvenience,  however,  may  be  obviated  by  repeated 
approximations,  and  by  an  .accurate  folution  of  fpheroidal 
triangles.  On  this  lattei  fubjeCt  it  was  my  intention  to  offer  to 
the  Society  fome  theorems,  that  contain  more  direCt  and  fuller 
rules  for  this  kind  of  trigonometry  than  any  that  I  have-yet  met 
with.  I  am  under  the  neeeffity,  however,  of  relerving  theie, 
as  well  as  the  folution  of  the  problem  above-mentioned,  for  the 
fubjeCts  of  fome  future  communication.  In  the  mean  time,  I 
think  it  is  material  to  obferve,  that  the  principle  laid  down  by 
Mr.  Dalby,  viz.  that  in  a  fpheroidal  triangle,  of  which  the  angle 
at  the  pole  and  the  two  fides  are  given,  the  turn  of  the  angles  at 
the  bafe  is  the  fame  as  in  a  fpherical  triangle,  having  the  fame 
fides,  and  the  fame  vertical  angle,  is  not  ltriCtly  true,  unlefs 
the  eccentricity  of  the  fpheroid  be  infinitely  fmail,  or  the 
triangle  be  very  nearly  ifofceles.  The  application  of  the  prin¬ 
ciple  may  therefore  lead  into  error,  unlefs  it  be  made  with  due 

5  attention, 
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attention  to  thefe  reffriftions.  The  gentleman,  juft  namely 
will  forgive  a  remark,  which  I  certainly  fhould  not  have  made/ 
if  I  had  been  lefs  interefted  for  the  fuccefs  of  the  w  ork,  in  which 
he  has  aftiffed  w’ith  fo  much  ability. 

J 


III* 

Enquiries  concerning  the  Nature  of  a  Metallic  Subjlancc  lately 
fold  in  London  as  a  new  Metal,  under  the  Title  of  Palladium ; 
By  Richard  Chenevix,  Esq.  F.  R,  S.  and  M.  11, 1 .  A.* 

(  Concluded  from  page  1010 

EXPERIMENTS  TO  PROVE  AFFINITY  AMONG  THE  METALS; 

Inftanccs  of  Exp.  1.  I  diftolved  ohc  hundred  grains  of  filver  in  nitric 

affinity  in  metals  ^c*lcj.  anc[  precipitated  by  neutral  muriate  of  platina.  The 
precipitate,  well  walhed  and  dried,  was  of  a  bright  ftraw- 
colour,  and  weighed  147  grs.  Reduced  in  a  charcoal  crucible, 
it  yielded  a  button  weighing  12l  grs.  and  of  the  fpecific  gra¬ 
vity  of  11,6.  The  difference  of  weight,  between  the  original 
hundred  grains  of  lilver  and  the  121,  was  owing  to  21  grains 
of  platina,  which  had  been  drawn  down  in  precipitation  along 
with  the  filver ;  by  an  affinity  for  that  metal.  This  alloy  is 
a<5ted  upon  by  nitric  acid,  and  a  great  part  of  the  platina  is  dif- 
folved  along  with  the  filver,  nor  is  it  very  eafy  to  feparate  them 
by  the  common  methods. 

Exp.  2.  I  diftolved  one  hundred  grains  of  filver  in  nitric 
filver  precipitat- acid,  and  added  about  1200  of  mercury.  I  poured  the  mixed 
by  green  ^0^lU*on  ,nto  a  Solution  of  green  fulphate  of  iron,  and  obtained 

phatt.  a  very  copious  precipitate.  When  waffled  and  dried,  it  weigh¬ 

ed  939,  and  was  a  perfedt  amalgam,  in  the  due  proportion  of 
mutual  Saturation.  Its  fpecific  gravity  was  1 3,2;  but  no  mer¬ 
cury  remained  with  it  after  expofure  to  heat. 

Mercury  and  Exp.  5.  I  diftolved  one  hundred  grains  of  gold  in  nit ro- 

gold  precipitated  muriatic  acid,  and  added  to  it  about  1200  grains  of  mercury, 
by  greeia  fulphate  r  ,  r-  ,  .  ,  .  .  .  J 

gave  a  fiue  blue  Careen  lulphate  of  iron,  poured  into  this  mixed  folution,  caufed 
metallic  powder.  a  precipitate  weighing  874.  It  was  in  the  form  of  a  fine  blue 
powder,  not  refembling  an  amalgam,  though  wholly  metallic. 
Its  fpecific  giavity  I  could  not  ascertain ;  but  all  the  mercury 
was  expelled  by  heat. 

Experiments  The  re_agents  which  I  ufed  in  the  following  experiments, 

with  recent  mu-  were  recent  muriate  of  tin,  and  green  fulphate  of  iron.  To 
riate  of  tin,  and 


liiver  precip. 
by  muriate  of 
platina  carried 
down  2i  per. 
cent,  of  the 
metal* 


Mercury  and 
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bring  the  examples  of  anomalous  precipitations,  in  mixed  fo- green fulphate 
Iutions  of  the  metals,  more  clearly  into  view,  it  will  be  re" 

cellary  to  (late  the  action  of  tliefe  falts,  upon  a  folution  of 
each  metal  when  feparate. 

By  recent  muriate  of  tin  we  have,  with  a  folution  of  gold,Act'on 
the  well  known  purple  of  Catlius.  With  platina,  the  colour foi 
of  the  liquor  is  much  heightened.  With  mercury,  there  is  a  6°ns  ofgold, 
total  reduction.  With  copper,  a  reduction  from  the  black mcr“ 
oxide  at  20  per  cent,  of  oxigen,  to  the  yellow  oxide  at  1 1 ,5  arfenic  acid, 
percent,  of  oxigen.  With  arfenic  acid,  a  reduction  to  the<lIver>  leacb  an- 
Itate  of  white  oxide.  With  filver,  with  lead,  with  antimony, 
no  redudtion.  Green  fulphate  of  iron  reduces  none  of  the°f  grecn  fulpbate 
metallic  folutions,  except  thofe  of  gold  and  filver.  11 rffuc“ 

When  mixed  folutions  of  the  metals  are  expofed  to  the  filver  oniy. 
action  of  recent  muriate  of  tin,  or  of  green  fulphate  of  iron, 
we  have  the  following  refults. 

Experiments  4,  5,6,  7,  and  8.  Muriate  of  tin,  poured  into  Exp.  with  mixed 
a  mixed  folution  ofgold  and  mercury,  precipitates  both  metals  °fSt;n 
together;  and  there  are  no  traces  of  the  purple.  Mixed  fo- ,-eagent. 

Iutions  of  gold  and  antimony,  alfo  of  gold  and  arfenic  acid, 
arc  a£Ld  upon  in  fhe  fame  manner.  Mixed  folutions  of  go!d 
and  copper,  alfo  of  gold  and  lead,  afford  refults  find  ar  to 
tiiofe  of  each  metal  when  feparate. 

Experiments  9,  10,  1  1,  12,  and  13.  With  a  folution  of  platina 
and  arfenic  acid,  muriate  of  tin  gives  no  precipitate;  but  the 
colour  of  the  liquor  is  more  heightened  than  if  the  platina  had 
been  alone  in  folution.  Platina  and  antimony  give  a  precipitate 
by  this  re-agent,  after  ftanding  fome  lime;  but  the  effect  is  re¬ 
tarded  by  the  excefs  of  acid  in  the  folution  of  antimony.  Pla¬ 
tina  and  copper,  alfo  platina  and  lead,  are  acted  upon  as  the 
feparate  folutions  of  thefe  metals.  Platina  and  filver  are 
precipitated  together  by  green  fulphate  of  iron.  Green  fulphate 

Experiments  14,  15,  16.  Mercury  and  copper,  mercury  and 
lead,  alfo  mercury  and  arfenic,  are  precipitated  in  the  metallic 
ftate  by  recent  muriate  of  tin. 

From  thefe  experiments  it  is  evident, 

lft.  That  gold  has  an  affinity  for  mercury,  for  antimony  Deduftiors  of 
.  h  J  affinity  between 

and  for  arfenic.  gold  and  mer- 

2 d.  That  platina  has  an  affinity  for  filver,  for  mercury,  and  cury,  antimony, 
for  antimony ;  and  that  it  is  influenced  by  the  preftnee  of  *nd  "filver,  mer- 
arfenic. 

3d.  That  filver  has  an  affinity  for  mercury. 

Vol.  VII.— March,  1804.  N  4th.  That andwppe^u’ai, 

arfenic. 


cury,  antimony^ 
filver  an  mer¬ 
cury  j  mercury 
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Mixed  folutions 
of  more  than 
two  metals  are 
more  ftriking 
and  more  com¬ 
plex. 


Exp.  on  platina. 

4 


Platina  diflolved 
preCip.  by  lime  ; 
redifTolved  in 
nitric  acid ;  the 
acid  expelled 
from  the  oxide 
bv  heat ;  oxide 
reduced  by 
Ample  ignition. 


4lh.  That  mercury  has  an  affinity  for  copper,  for  lead,  and 
for  arfenic. 

This  feries  of  experiments  is  not  intended  as  a  fyftem  of 
metallic  affinities;  but  as  a  few  fa6ts  flated  to  corroborate  an 
affertion.  1  am  well  aware  that  many  others  might  be  noticed  ; 
but  it  is  not  my  intention  to  enter  further  into  this  fubje6t,  in 
the  prefent  paper.  The  general  importance  of  the  principle, 
and  the  extenfive  influence  it  is  likely  to  have  upon  chemiftry, 
demand  that  it  fliould  be  treated  by  multiplied  refearches. 
The  experiments  that  can  elucidate  it  are  of  the  molt  delicate 
nature,  and  require  peculiar  care;  for  they  do  not  always 
fucceed,  unlefs  performed  under  the  moft  favourable  circum- 
flances. 

When  mixed  folutions  of  three  or  more  metals  are  expofed 

s 

to  the  adion  of  recent  muriate  of  tin,  or  of  green  fulphate  of 
iron,  their  adlion  upon  each  other  appears  in  a  much  more 
firiking,  as  alfo  in  a  much  more  complicated  point  of  view. 

EXPERIMENTS  UPON  PLATINA. 

I  ffiall  now  (fate  fome  experiments  which  J  have  had  occafion 
to  make  upon  platina,  during  the  foregoing  refearches.  Very 
little  is  known  concerning  this  metal,  its  oxides,  or  its  (alts; 
and,  although  I  have  not  had  occafion  to  extend  the  enquiries 
very  far,  yet  my  experiments  may  ferve  to  effablifii  a  few 
points. 

I  diflolved  a  quantity  of  purified  platina*  in  nitro-muriatic 
acid,  and  precipitated  by  lime.  A  great  portion  of  platina 
remained  in  the  liquor,  although  I  had  ufed  an  excefs  of  the 
above  earth.  I  redifTolved  the  precipitate  in  nitric  acid,  and 
evaporated  to  drynets.  The  refult  was,  a  fubnitrale  of  platina. 
I  then  expofed  the  mafs,  in  a  crucible,  to  a  heat  capable  of 
expelling  the  acid  altogether;  and  the  oxide  remained  alone. 
When  this  was  reddened,  at  a  heat  which  certainly  was  not 
capable  of  melting  filver,  the  oxide  was  reduced,  and  ap¬ 
peared  with  a  metallic  luftre.  The  weight  of  the  various 

*  By  purified  platina,  I  have  always  underftood,  in  this  Paper, 
platina  reduced,  at  a  gentle  heat,  from  the  fait  obtained  by  pouring 
a  cor  centrate  folution  of  muriate  of  ammonia  iuto  a  concentrate  fo- 
lution  of  platina. 


produ<5U 
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produfls,  in  the  above  experiments,  was  fuch  as  to  give  the 
following  proportions  in  the  oxide,  and  the  fubnitrate  of 
platina. 

bellow  oxide  of  platina  is  compofed  of, 

Platina  87 

Oxigen  -  -  -  13 


Hence  compo¬ 
nent  parts  of  the 
oxide  ; 


100. 


Subnitrate  of  platina  is  compofed  of. 
The  above  oxide  of  platina 
Nitric  acid  and  water  - 


89 

11 

100. 


and  of  the  fub. 
nitrate. 


But,  in  the  redudHon  of  this  oxide  of  platina,  it  became  of  a 
green  colour  ;  and  remained  during  fome  time  in  that  Pate. 
Nitrate  of  platina  fometimes  becomes  of  a  pale  green  at  the 
edges,  when  evaporated  to  drynefs ;  and  ammonia  alfumes  a 
green  colour  when  in  holds  oxide  of  platina  in  folution,  as  we 
have  feen  more  particularly  with  palladium.  This,  therefore, 
is  a  fecond  oxide  of  platina.  It  contains  but  feven  per  cent„ 
of  oxigen. 

I  ditTolved  a  known  portion  of  platina  in  nitro-muriatic  acid, 
and  expelled  the  nitric  acid,  by  pouring  in  a  fufficient  quantity 
of  the  muriatic;  and  then  evaporated  to  drynefs.  By  this  expe¬ 
riment  I  learned,  that  the  infoluble  muriate  of  platina  is  com¬ 
pofed  of. 

Yellow  oxide  of  platina  -  -  70 

Muriatic  acid  and  water  -  -  -  30 


Two  oxides  of 
platina ;  yellow 
with  13  per. 
cent,  oxygen  j 
green  with  only 
7  per.  cent. 


Compon.  parts 
of  infoluble  mu¬ 
riate  of  platina  j 


100. 


I  then  expelled  the  muriatic  acid  by  the  fulphuric,  and  eva¬ 
porated  again  to  drynefs.  I  found  the  infoluble  fulphate  of 
platina  to  be  compofed  of. 

Oxide  of  platina  -  54,5 

Acid  and  water  -  45,5 


and  of  the  in¬ 
soluble  fulphate. 


100,0. 

By  much  the  moft  delicate  teft  for  platina  is  muriate  of  tin.  Muriate  of  tin  is 
A  folution  of  the  former,  fo  pale  as  hardly  to  be  diftinguifhed  tina. 

from  w'ater,  affiimes  a  bright  red  by  a  tingle  drop  of  the  recent 
muriatic  folution  of  the  latter  metal.  If  mercury  beprefent,  the 
colour  is  much  darker.  Recent  muriate  of  tin,  poured  into  a 
folution  of  the  muriate  formed  by  the  red  oxide  of  mercury, 

N  2  converts 
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converts  it  into  the  muriate  formed  by  the  lefs  oxigenized  acids; 
but,  fhortly  after,  the  mercury  is  reduced  to  the  metallic  date. 
Hence  it  was,  that  the  alloy  of  platina  and  mercury  always 
gave  a  deeper  coloured  precipitate  than  platina,  with  muriate 
of  tin. 

The  prufiiates  Neither  platina  nor  mercury  are  precipitated  by  pruffic  acid 

dn  not  preap.  Qr  .  the  prafljates.  But,  if  fulphate,  nitrate,  or  muriate  of 
platina  or  mer-  /  ‘  r  .  , 

cury  finely  j  but  platina  be  poured  into  prufiiate  of  mercury,  an  orange-coloured 

they  do  jointly,  precipitate  is  immediately  formed ;  and,  in  fome  cafes,  a 
mixed  folution  of  platina  and  mercury  gives  a  limilar  pre¬ 
cipitate  by  pruffic  acid  alone. 

Platina  is  fimpiy  Platina  is  one  of  the  metals  which  are  precipitated  by  ful- 
hiorcg  n^  ^  ^  phuretted  hydrogen,  without  the  neceffity  of  a  double  affinity. 
Order  of  affinities  The  affinities  of  platina  differ  much  from  what  is  generally 
of  platiua  with  ftatecj  jn  the  tables.  By  the  few  acids  I  have  had  occafion  to 
try,  oxide  of  platina  is  attracted  in  the  following  order:  iul- 
phuric,  oxalic,  muriatic,  phofphoric,  fluoric,  arfenic,  tartaric; 
citric,  benzoic,  nitric,  acetic,  and  boracic. 

That  fulphuric  acid  ffiould  attract  the  oxide  of  platina  wi til- 
greater  force  than  the  muriatic,  is  an  unanfwerable  argument 
to  an  opinion  which  was  long  fupported  by  many  philofophers, 
and  which  is  not  yet  altogether  abandoned  by  them.  Muriatic 
acid  lias  been  faid  to  contribute  to  the  folution  of  gold  or 
platina,  in  nitro.muriatic  acid,  in  the  fame  manner  as  ful¬ 
phuric  acid  is  fuppofed  to  promote  the  decompofition  of  water, 
during  the  folution  of  iron  by  that  acid  diluted.  The  affinity 
of  muriatic  acid  for  the  oxide  of  gold  or  of  platina,  has  been 
looked  upon  as  the  difpofing  caufe  that  nitric  acid  is  decom- 
pofed  by  thofe  metals.  But  it  is  evident  that  fome  other  ac¬ 
tion  takes  place;  for,  fulphuric  acid,  which  has  a  ftronger 
affinity  for  oxide  of  platina  than  muriatic  acid,  does  not  in  th& 
leaft  promote  the  decompofition  of  nitric  acid  by  gold,  or  bj 
platina. 


Remarkable 
theoretical  ob 
fervation. 


CONCLUSION. 

On  the  nature  The  fubftance  which  has  been  treated  of  in  this  paper,  muff 
and  ufe  of  convince  us  how  dangerous  it  is  to  form  a  theory  before  we  are 
general  hypothe-  provided  with  a  fufficient  number  of  fadts,  or  to  fuB{btute  the 
refults  of  a  few  obfervations,  for  the  general  laws  or  nature. 
If  a  theory  is  fometimes  ufeful,  as  aflandard  to  which  we  may 
refer  our  knowledge,  it  is  at  other  times  prejudicial,  by  creat¬ 
ing 
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Ing  an  attachment  in  our  minds  to  preconceived  ideas,  which 
have  been  admitted  without  inquiring  whether  from  truth  or 
from  convenience.  We  eafily  correct  our  judgment  as  to 
fadts;  and  the  evidence  of  experiment  is  equally  convincing 
to  all  perfons.  But  theories,  not  admitting  of  mathematical 
demonftration,  and  being  but  the  interpretation  of  a  feries  of 
facts,  are  the  creatures  of  opinion,  and  are  governed  by  the 
various  impreflions  made  upon  every  individual.  Nature 
laughs  at  our  fpeculations  ;  and  though  from  time  to  time  we 
receive  fuch  warnings  as  {hould  awaken  us  to  a  due  fenfe  of 
our  limited  knowledge,  we  are  prefented  with  an  ample  com* 
penfation,  in  the  exteniion  of  our  views,  and  a  nearer  ap¬ 
proach  to  immutable  truth. 

The  affinities  of  metals  for  each  other  are  likely  to  be  of  the  The  affinity  of 
moft  extenfive  influence  in  chemiltry.  They  will  promote  fcep-  other,  fo  ftrongly  / 
ticifm  with  regard  to  future  difcoveries,  and  throw  fome  doubts  ffiewnin  the 
upon  our  prefent  knowledge.  Palladium  is  certainly  not  lefs  mJyTnduce3006* 
different  from  the  elements  that  compofe  it,  and  from  all  other  doubts  to  the 
metals,  than  any  two  can  be  from  each  other.  Within  the  laft  "^wmetalT;16* 
fifteen  or  twenty  years,  feveral  new  metals  and  new  earths  have 
been  made  known  to  the  world.  The  names  that  fupport  thefe 
difcoveries  are  refpe&able,  and  the  experiments  decifive.  If  we 
do  not  give  our  affent  to  them,  no  fingle  proportion  in  che- 
mifiry  can  for  a  moment  Hand.  But,  whether  all  thefe  are  really 
fimple  fubflances,  or  compounds  not  yet  refolved  into  their 
elements,  is  what  the  authors  themlelves  cannot  pofitively  af- 
fert;  nor  would  it  in  the  lead  diminith  the  merit  of  their 
obfervations,  if  future  experiments  (hould  prove  them  to  have 
been  mifiaken,  as  to  the  fimplicity  of  thofe  fubflances.  This 
remark  fhould  not  be  confined  to  later  difcoveries;  it  may  as 

i 

juffly  be  applied  to  thofe  earths  and  metals  with  which  we  have 
been  long  acquainted. 

With  regard  to  the  metals,  vve  have  feen  howr  little  depend- Brittle  metals 
"  .  .  .may  perhaps  be 

ance  is  to  be  placed  on  fpecinc  gravities.  A  contrary  anomal)  Fillmore  tim- 

to  that  which  operates  upon  platina  and  mercury,  may  take  plified. 

place  in  others;  and  they  may  become  as  much  heavier  than 

the  mean,  as  the  former  become  lighter.  In  this  hate  o(  union, 

they  may  for  a  long  time  appear  homogeneous,  even  by  the 

left  of  chemical  re-agents.  One  of  the  properties  that  renders 

metallic  fubflances  fo  precious  is,  their  eafy  formation  into  fuch 

inflruments  as  our  necefhties  require.  The  fragile  metals  are 

but  of  fecondary  confequence;  and,  at  mofl,  ferve  to  coni 
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on  thofe  which  are  dudlile,  lome  quality  which  adapts  them 
better  to  particular  purpofes.  It  often  happens  that,  by  being 
alloyed,  two  duCtile  metals  become  fragile;  but  we  have  no 
inftance  ot  the  contrary  effeCt  in  any  high  degree.  It  is  there¬ 
fore  more  to  be  luppoted  that  we  fhould  look  to  fimplification 
among  the  fragile  metals ;  and,  even  at  this  early  period,  it 
may  not  be  too  fpeculative  to  confider  the  metallic  bodies  in 
an  order  which  may  bring  together  thole  which  poflefs  the 
greatelt  number  of  fimilar  c  haracters. 

As  an  inftance  of  this  approximation,  it  may  be  obferved, 
that  nickel  and  cobalt  ftrongly  participate  in  the  properties  of 
copper  and  iron.  The  two  former  metals  were  long  regarded 
as  mixtures;  and  the  doubts  of  the  ancient  chemifts,  who 
feared  to  pronounce  as  to  their  nature,  may  ftill  be  proved  to 
have  more  foundation  in  truth  than  the  aflertion  of  the  moderns, 
who  have  declared  them  to  be  fimple.  ACted  upon  by  the  fame 
menftrua,  forming  infoluble  compounds  with  the  fame  acids, 
and  foluble  alike  in  other  fubftances,  they  have  but  one  or  two 
marked  properties  that  lead  us  to  confider  them  as  diftinCt 
metals.  But  palladium  lias  at  leaf!  live  or  fix  characters,  as 
ffrong  as  thofe  of  any  metal  whatsoever,  that  diftinguifli  it,  not 
only  from  its  elements,  but  alio  lrorn  all  other  metals. 

Among  the  earths,  this  approximation  is  ftill  more  apparent. 
A  leading  character  of  thefe  fubftances  is,  their  tendency  to 
enter  into  faline  combination,  in  which  they  receive  new  pro¬ 
perties,  and  perform  new  functions.  If  we  rank  them  accord¬ 
ing  to  this  general  tendency,  we  fliall  have  the  following  order  : 
barvtes  andftrontia;  lime  and  magnelia;  glueine  and  alumina; 
zircon  and  filica.  And,  if  we  conlider  them  two  by  two  in 
this  order,  which  is  a  natural  one,  we  fliall  bring  together 
precisely  Lhofe  which  differ  by  the  fmalleft  number  of  chemical 
characters. 

1  iiis  inveliigation  might  be  purfued  ftill  further;  but  we 
mult  wait  the  refult  of  experiments:  a  wide  field  is  open  for 
refearch.  In  the  dark  ages  of  chvTniftry,  the  objeCt  was,  to 
rival  nature;  and  the  fubltance  which  the  adepts  of  thole  days 
were  bulled  lo  create,  was  oniverfally  allowed  to  be  fimple. 
In  a  more  enlightened  period,  we  have  extended  our  enqui¬ 
ries,  and  multiplied  the  number  of  the  elements.  The  laft 
talk  will  be  to  Amplify ;  and,  by  a  clofer  obfervation  of 
nature,  to  learn  from  what  a  fmall  ltore  of  primitive  materials, 
11  that  we  behold  and  wonder  at  was  created. 

IV.  Obfervation 
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Obfervations  on  fame  remarkable  Strata  of  Flint  in  a  Chalk-Pit 
in  the  Jjle  of  Wight,  in  a  Letter  from  Sir  Henry  Charles 
Englefield,  Bart.  F.  R.  S.  to  John  Latham,  M.  D. 

F.  R.  S.  and  L .  S.  * 

Dear  Sir, 

As  you  confidered  the  fpecimens  of  flint  which  I  (hewed  Introductory 
you  worthy  of  the  notice  of  the  Linnean  Society,  I  tranfmit obfervations* 
them  to  you,  together  with  fuch  an  account  of  the  fituation 
in  which  I  found  them,  as  may  perhaps  lead  to  a  guefs  of 
the  caufes  of  their  prefent  very  extraordinary  condition,  and 
will  at  lead:  ferve  as  a  guide  to  thofe  who  may  vvifli  at  a  future 
time  to  infpedt  the  curious  pit  where  I  found  them. 

Before  I  enter  on  the  particular  description  of  that  fpol, 

I  cannot  help  faying  a  few  words  on  the  lithology  of  the  ifland 
in  general,  which  has  not  that  I  know  of,  been  defcribed,  as 
it  highly  deferves,  by  any  naturalid.  Had  1  been  equal  to 
fuch  a  talk,  opportunities  of  obfervation  were  wanting,  and 
the  phenomenon  which  I  am  about  to  defcribe,  was  difcovered 
by  me  fo  fliort  a  time  before  I  quitted  the  illand,  that  I  had 
not  time  to  infpedt  more  than  one  pit,  befldes  that  in  which 
I  obferved  it. 

The  Ifle  of  Wight,  which  is  nearly  of  a  rhomboidal  form,  Geological  ac- 
Jies  with  refpedt  to  its  four  angles,  almod  abfolutely  in  the  four  count  of  the  Ifle 
points  of  (he  compafs.  It  is  divided  into  two  very  nearly 
equal  parts  by  a  range  of  chalk  hills,  whole  general  direction 
is  due  ead  and  wed.  Thefe  hills  do  not,  however,  lie  in  a 
draight  line,  nor  are  they  at  all  of  equal  breadth  or  height 
throughout  their  extent.  At  Bembridge,  where  they  form 
the  eaftern  point  of  the  ifland,  they  rife  abruptly  from  the 
(ea  to  the  height  of  about  400  feet;  and  bending  a  little  to 
the  northward,  they  continue  of  nearly  (he  fame  elevation, 
and  a  very  narrow  breadth,  till  they  terminate  at  the  valley 
through  which  the  Medina  runs.  To  the  wed  of  the  Medina 
the  range  grows  condderably  wider  and  is  fubdivided  into 
fcveral  fubordinate  vallies.  This  additional  breadth  gives  the 
fouthern  limit  a  great  curvature  to  the  fouth,  while  the  northern 
line  remains  nearly  draight.  Their  elevation  increafes  much, 
and  at  Moltidon  is  700  feet.  The  acute  and  perpendicular 

*  From  the  Tranf.  of  the  Linnean  Society,  vol.  IV. 

promontory 
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Geological  ae-  promontory  in  which  the)  terminate  to  the  weft,  well  known 

name  of  the  Needles  is  nearly  as  high  as  Mottrfton. 
Befide  the  valley  of  the  Medina,  this  range  is  Angularly  in¬ 
terrupted  by  two  vallies  exa£\Iy  limilar  to  each  other,  at  (he 
two  ends  of  the  ifland.  Brading  Haven  renders  Yaverland 
at  the  eaft  almoft  an  ifle,  and  the  Yarmouth  inlet  cuts  off  the 
weftern  end  To  nearly,  that  al  high  tides  it  is  quite  infulated 
at  frefti water  gate. 

To  the  north  of  this  range  of  chalk  hills  the  foil  is  chiefly 
clay,  with  a  fupcrftralum,  in  many  parts  of  gravel,  the 
clay  is  interfered  w'ith  many  beds  of  ftone  of  different 
qualities,  and  which  appear  to  lie  in  great  confufion.  Of  thefo 
iome  are  grit  with  a  flight  admixture  of  calcareous  matter, 
others  have  nearly  equal  parts  of  fand  and  lime,  and  others 
are  purely  calcareous.  In  thejirft  which  are  of  great  hardnefs, 
very  few  extraneous  bodies  appear.  In  the  fecond,  are  many 
fine  impreftions  of  fhells,  while  the  laft  are  almoft  entirely 
compofed  of  moulds  of  turbinated  fhells,  fo  as  to  appear  quite 
honey-combed  by  them.  This  ftone  is  however,  of  great 
durability  for  the  walls  of  Cowes  Caftle,  which  was  built  by 
Henry  VIII.  and  is  expofed  to  the  fea  air  from  the  weft  and 
north,  are  as  perfeft  as  on  the  day  in  which  they  were  built. 
Below  all  thefe  ftrala  of  ftone  at  eaft  Cowes,  and  juft  above 
a  bed  of  black  and  folid  clay  is  a  ftratum  of  fhells  about  two 
feet  thick,  of  which  a  fpecimen  accompanies  this  ;  and  which 
is  totally  compofed  of  thefe  fhells  without  anv  admixture  or 
earth  whatfoever.  As  the  Lea  makes  great  inroads  here,  vaft 
heaps  of  thefe  fhells  lie  on  the  beach,  and  feem  juft  wafhed 
up  by  the  w'aves,  inftead  of  being  torn  from  their  bed  in  the 
cliff.  They  appear  nearly  in  the  fame  ftate  as  thofe  on  the 
Hampfhire  coaft,  which  have  long  been  famous  among  na- 
turalifts.  In  the  bed  at  eaft  Cowes,  there  appears,  however, 
no  variety  ;  for  I  could  fee  no  fpecies  but  what  are  here  ex¬ 
hibited. 

Whatever  confufion  in  the  ftrala  appears  to  the  north  of  the 
chalk  range,  or  in  that  range  itfelf,  difappears  to  the  fouth  of 
it,  where  the  ftrala  are  nearly  in  a  horizontal  pofilion,  and 
Angularly  regular  and  undiflurbcd.  The  fea  coaft  from  Bem- 
bridge,  fouth  to  the  Needles,  except  in  the  fmall  extent  of 
Sandown  Marfli,  is  every  where  higher  than  the  immediately 
contiguous  land  of  the  ifland,  and  to  the  fouth-eaft,  rifes  into 
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a  vaft  range  of  hills  running  from  Dunnofe  weft  to  St.  Catha-  Geological  ac- 

rines.  The  fubftratum  of  thefe  hills  feem  every  where  toc0.u"toJ  thel*ie 
•  1  l  *  ‘  r  r  i  -v~  ,  *  Ot  Wight, 

be  clay  lying  in  ftrata  ot  difierent  colour  and  purity.  The 

loweft  is  black  and  very  hard  ;  approaching  to  (hale.  Above 

this  fome  ftrata  have  a  great  mixture  of  (and,  and  take  the 

appearance  of  a  (oft  (tone,  breaking  into  very  regular  cubical 

forms.  Thefe  ftrata  extend  over  the  whole  fouthern  part  of 

the  ifland,  and  terminate  agamft  the  chalk  range  very  fuddenlv. 

Above  the  c’ay  ftrata  is  a  bed  of  ftone  in  thin  layers,  and  of 

very  mingled  materials,  but  in  general  very  hard.  Great 

quantities  of  chert  or  flint  modules  appear  in  this  ftone.  The 

general  thicknels  of  the  ftratum  is  from  150  to  200  feet.  Above  , 

this  the  higheft  hills  of  the  range  have  a  ftratum  of  chalk, 

not  pure  or  while  as  that  of  the  chalk  range  properly  fo  called, 

nor  producing  flint  fo  black. 

1  he  height  of  Dunnoie  is  800  feet  above  low  water  mark, 

St.  Catharine’s  hill  is  at  leaft  850.  Of  the  former  I  had  no 
opportunity  of  examining  accurately  the  thicknels  of  the  ftrata, 
but  at  St.  Catharine’s  the  ftrata  are  as  follow. 

Chalk  -  250  feet 

Stone  -  200  feet,  or  perhaps  not  quite  fo  much 

Clay  and  Sand  -  400  feet. 

850. 

This  arrangement  accounts  entirely  for  the  formation  of  that 
lingular  coaft  called  the  UnderclifF,  which  extends  from 
Dunnofe  to  St.  Catharine’s;  and  is  compofed  of  the  confided 
fragments  of  the  upper  ftratum  of  rock,  which  have  given  way 
and  rolled  down,  as  the  fubftratum  of  clay  has  been  wafned 
away  by  the  fea.  In  moft  parts  the  procefs  feems  nearly  at  a 
ftand  ;  the  coaft  being  now  protedted  by  the  fallen  rocks;  but 
at  St.  Catharine’s,  great  devaluation  is  ftill  taking  place.  The 
earth-fall  mentioned  laft  year,  was  a  very  fmall  operation, 
vvhen  compared  with  the  relics  of  former  convulfions. 

From  this  fhort  fketch  of  the  general  pofition  of  the  ftrata 
in  the  ifland,  I  return  to  the  particular  fubje£t  of  the  prefent 
paper. 

The  chalk  pit,  which  I  am  about  to  defcribe  is  fituated  on  Defcription  of  a 
the  northern  edge  of  the  chalk  range  juft  out  of  the  village  of 
Carifbrook,  and  about  an  hundred  yards  beyond  the  divifton  with  fcams  of 
of  the  roads  to  Yarmouth  and  Shorwell.  The  pit  is  open  to  ^I!^’CI[u(^ular,y 

the  thatuaed* 
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Obfervations  of 
the  flints  in 
another  pit. 


(he  ead.  The  drata  of  chalk  are  very  regular  from  two  to  five 
feet  in  thicknefs,  and  divided  bv  Teams  ol  flint  from  (lx  inches 
to  nine  inches  in  depth:  The  dints  are  as  ulual  in  nodules  of 
different  fizes  from  the  fize  of  the  fid  to  twice  the  fize  of  a 
man’s  head.  The  whole  dip  northward  wdth  an  inclination  of 
at  lead  67  degrees.  Perpendicular  fidures  run  through  the 
whole  from  north  to  fouth,  the  Tides  of  which  are  nearly  as 
flat  and  Tmooth  as  a  wall.  As  thefe  ti fibres  are  followed  with 
convenience  in  working  the  pit,  an  extenfive  face  was  laid 
open  when  I  Taw  it,  and  the  appearance  was  as  in  the  annexed 
fketch.  See  Plate  XI.  On  examining  the  beds  of  flint  nearly, 
I  was  adonifhed  to  find  that  every  flint,  though  lying  in  its 
place,  and  retaining  perfectly  its  original  fliape,  was  more  or 
leTs  burff  and  fhattered,  Tome  Tew  were  only  Tplit  into  large 
pieces,  but  the  greater  part  were  broken  into  fmall  fragments, 
and  Tome  abfolutely  reduced  to  impalpable  powder.  From  one 
which  had  differed  the  mod,  the  annexed  Tpecimen  was  taken. 
The  powder  was  To  very  fine  that  I  conceived  it  mud  have 
been  mixed  with  chalk;  but  on  wafhing  it  with  diluted  marine 
acid,  I  found  that  it  was  purely  filiceous.  Indeed  the  chalk 
which  furrounds  thefe  dints  is  uncommonly  (olid,  and  does  not 
exhibit  cracks  or  marks  of  any  violence  except  the  great  fif- 
Tures  before  mentioned.  A  Tpecimen  of  the  flint  powder  after 
walking  in  the  acid  is  Tent  with  the  other. 

I  mud  obferve  that  I  had  but  an  imperfect  opportunity  of  in. 
Tpe6ting  the  flints  which  lay  at  a  didance  from  the  TifTure,  Tuch 
however  as  I  could  Tee  in  the  bed  then  working  appeared  to 
have  been  lei's  (battered  in  proportion  as  they  were  more  remote 
from  the  fifiure,  but  all  had  differed  more  or  lefs. 

About  200  yards  below  the  pit,  and  nearer  to  Carifbrook 
village,  the  road  is  in  part  cut  through  the  chalk,  and  the  beds 
of  flint  expofed  by  that  means  exhibit  the  fame  appearances  as 
thofe  in  the  pit  above. 

The  chalk  pit  above  Shide  Bridge,  which  is  the  only  one  I 
had  an  opportunity  of  examining  after  my  difeovery  of  the 
pRoenornenon  above  deferibed,  prefents  in  Tome  degree  the  Tame 
appearances,  but  does  not  afford  To  good  an  opportunity  of 
viewing  the  drata  as  that  at  Carifbrook.  The  drata  did  not 
appear  to  me  to  lie  To  regularly  nor  the  dints  to  be  difpofed  To 
much  in  beds  as  p.t  Carifbrook.  They  were  however  ex¬ 
tremely 
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tremely  broken  and  (battered  and  apparently  the  mod  To  where 
they  lay  mod:  in  drata.  The  drata  had  alfo  a  great  inclination 
-or  dip  to  the  north. 

Although  it  would  be  rath  to  attempt  to  account  for  this  very  Conjecture  as  to 
lingular  date  of  dedrudion  of  the  flints  in  the  Carifbrook  pit,  ^ie  caufe  i  VJZ* 
yet  it  is  lmpoflibie  not  to  offer  fome  conjedures  on  the  fubjed.  the  period  when 
There  can  be  very  little  doubt  that  the  drata  though  now  fo  tl1,eir  dlP  to.oic 

.  ..  .  .  .  .  .  °  place  were  in- 

inclined  was  originally  formed  in  a  horizontal  politico.  When  cfined  to  Hide  on 

the  tremendous  convulfion  took  place  wrhich  funk  them  to  the  eac^  <fker>  an<i 

r.  i  •  i  t  /  .  •  i  •  i  i  t'le  flints  were 

iituation  in  which  they  now  appear  (at  which  time  the  chan-  cruflied  by  this 

nel  which  feparates  the  Ide  of  Wight  from  the  main  land  wras  enormous  action. 

perhaps  formed)  the  drata  of  chalk,  in  the  ad  of  fubfidence 

had  a  tendency  to  Hide  on  each  other,  and  this  would  be  exerted 

mod  fenfibl v  where  from  the  admixture  of  the  flints  the  cohe- 

a 

don  of  the  parts  of  the  chalk  was  the  w'eakeb.  This  motion 
or  rather  drain  of  fo  enormous  a  weight  might  in  an  indant 
driver  the  flints,  though  their  refidance  dopped  the  incipient 
motion,  for  the  flints  though  crufhed  to  powder  are  not  dis¬ 
placed,  which  mud  have  been  the  cafe  had  the  beds  flipped 
fenfibly.  This  conjedure  is  perhaps  flrengfhened  by  what  I 
obferved  in  a  few  detached  nodules  of  flint  in  the  chalk  flrata 
which  did  not  appear  to  have  differed  as  thofe  in  the  beds  of 
flint  have  done.  I  may  here  add  that  it  feemed  as  if  in  fome 
places  the  fine  powder  of  the  flints  had  run  down,  and  invefl- 
ed  the  nearer  parts  of  the  fifliire  with  a  thin  coating  of  the 
agglutinated  dud;  but  this  may  poflibly  have  taken  place  fince 
the  face  of  the  fiflure  has  been  expofed  to  the  weather. 

Perhaps  it  may  not  be  totally  foreign  from  the  prefent  fub-  Appearances  of 
jea  to  mention  that  in  a  very  great  chalk  pit  at  the  village  of BHghthelm-^^ 
Predon,  a  mile  north  of  Brighthelmdone,  in  which  the  flints  lie  ftone, 
in  a  very  regular  and  nearly  horizontal  drata,  but  which  has 
alfo  vad  perpendicular  fifliires  in  the  chalk;  the  nflures  are  in 
many  places  filled  to  a  conflderable  extent  with  a  very  thin 
vein  of  pure  flint  exaaly  as  if  the  flint,  not  being  quite  hard 
when  the  fiffures  took  place,  had  been  fqueezed  out  of  the 
beds  and  run  into  the  fiffures  as  foft  pitch  would  dov  I  do  not 
mean  at  all  to  fay  (hat  this  was  the  cafe,  but  merely  todefcribe 
the  appearances.  In  the  chalk  pit  juft  below  the  church  at 
Brighthelmdone  another  fmgular  appearance  may  be  feen. 

The  upper  part  of  the  chalk  is  in  feparate  malfes,  not  propeily 

rubble,  but  with  all  their  tender  angles  (harp  exaclly  as  if  jud 

broken 


NEW  MERCURIAL  AIR-PUMP. 


broken  to  pieces  to  put  into  the  lime  kiln,  and  quite  clean, 
nearly  of  a  fize,  and  almoft  without  any  chalk  powder  mixed 
with  them, 

I  remain,  &c. 

Southampton,  Jan .  22,  1800. 


V. 

Defeription  of  a  mercurial  Air-pump,  of  unlimited  exhaijling 
Power,  with  a  Wooden  Pifton,  working  in  a  Wooden  Cylinder, 
$)'C.  By  Sir  A.  N.  Edelcrantz,  fyc.  Sfc.  Communicated 
by  the  Author. 

Conftru&ion  of  1  JaVING  refided  a  long  time  in  a  place,  where  no  ma- 
which  noTeV"  ^dnstfical  inftrument  maker  could  be  had,  I  was  obliged  to 
dual  (pace  is  left,  contrive  fome  method  of  conftru&ing  an  air-pump,  in  w'hich 
common  workmen  and  common  materials  could  be  employed, 
Befides  which,  as  in  almofl  all  former  conftrudtions  of  this  in¬ 
urnment,  a  fmall  fpace  exifts  in  fome  part  of  them,  where  the 
air  remains  condenfed,  and  confequently  a  limit  is  fixed  to  the 
expanfion,  I  waadefirous,  if  poffible,  to  remove  this  feemingly 
material,  though  in  good  pumps  infinitely  fmall  defe6t.  Thele 
confiderations  led  me  many  years  ago  to  a  contrivance,  of  which 
the  following  fiiort  defeription  may  give  a  notion,  referving  a 
more  detailed  one,  with  a  more  particular  account  of  its  effe&s, 
to  a  future  publication. 

Defeription  with  A  B  C  D,  Plate  XII.  is  a  folid  pifton  of  wood,  cylindrical  or 

I t^op crates  by  Pcluare>  *  moving  up  and  down  in  a  fimilar  wooden  box  or  tube, 
mercury  raifed  E  F  G  H,  by  means  of  rack-work  at  H.  The  pifton  fills  the 

wododenepriepde>mby  b°X  ™  its  whole  IenSth  as  exa<%  as  poffible,  without  touching 
a  plug,  and  the  and  producing  trillion  againft  the  fides.  For  that  purpofe  the 

•a^o^wkh  the"  pifton  is  Suided  at  tlie  lower  end  by  an  iron  rod  K  I,  fixed  in 
receiver  is  made  the  bottom  of  the  box  and  entering  the  pifton,  and  at  its  upper 

*^°uSh  aa  ir°n  part  ro1,er'  vvhicb  runs  along  the  inner  furface  of  the  bar¬ 
rel.  The  cavity  of  the  wooden  box  extends  through  the  canal 
F  Mf  to  the  iron  cock  O,  and  communicates  at  M  with  a  per- 

*  I  have,  m  the  execution,  preferred  the  fquare  form,  as  more 
eafy  to  make  exa£t  and  equal  in  its  whole  length. 

f  All  the  wooden  parts  are  made  of  ftrong  oak,  and  are  covered 
with  a  good  rejinous  varuifk,  to  prevent  Jhe  abforption  of  mercury: 

pendicular 
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pendicular  glafs  tube  M  N  and  the  glafs  fphere  P.  This  fphere 
is  connected  with  an  iron  cock  QR,  having  two  oppoftte  per¬ 
forations,  one  going  horizontally  to  R,  where  a  fmall  outfide 
valve  permits  a  communication  with  the  glafs  ball  S  Y;  the 
other,  placed  perpendicularly,  opens  a  patfage  from  the  corn- 
won  receiver  VT  to  the  fphere.  The  inftrument  being  thus 
eonftructed,  the  box  HEFG,  is  filled  with  mercury  to  the  dot¬ 
ted  line  a  a,  or  about  fix  inches,  and  the  piflon  being  alter¬ 
nately  prelfed  down  or  raifed  as  ufual  by  the  crank  work,  the 
effect  of  the  machine  is  as  follows: 

The  cock  Q  R  being  turned  as  in  the  figure,  the  communi¬ 
cation  with  the  receiver  is  fhut,  and  that  with  the  external  air, 
through  a  fmall  hole  S  in  the  glafs  fphere  S  Y,  being  open,  the 
pifion  in  defcending  preffes  upon  the  furface  a  a,  and  forces  the 
mercury  out  of  its  place,  it  conlequently  rifes  in  the  fmall  fpace 
between  the  pifton  and  the  wooden  tube,  a  a  to  b  b,  and  at  the 
fame  time  in  the  glafs  tube  N  P  to  a  correfponding  height  N. 
The  preffure  being  continued,  the  mercury  fill  rifes  fo  as  to  fill 
the  whole  tube,  the  fphere  P,  and  laft  of  all  makes  its  way 
through  the  cock  Q  R  and  the  valve  R.  forcing  every  particle 
of  the  air  contained  in  M  N  P  out  before  it.  When  a  drop  of 
mercury  appears  in  Y,  the  piflon  is  moved  the  contrary  way, 
and  by  its  afcenfion  the  prefTure  on  the  mercury  is  diminifhed, 
which  finks  and  evacuates  the  fphere  P,  leaving  a  place  for  the 
air  from  the  receiver  which  is  admitted  by  turning  the  cock 
Q  R,  in  the  other  direction*.  P  being  filled  with  air,  the 
cock  is  turned  again,  the  piflon  again  defcends,  and  expels  the 
air,  by  railing  the  mercury  a  fecond  time,  and  in  this  manner 
the  exhauflion  may  be  continued  at  pieafure  :  The  mechanifm 
and  effe6t  of  this  inftrument  being,  as  I  prefume,  rendered 
clear  by  the  preceding  defcription,  I  fhall  only  add  a  few  re¬ 
marks. 

The  neceftary  force  to  prefs  down  the  pifton,  being  a  little 
more  than  the  whole  weight  of  a  column  of  mercury  of  the 
bafts  DC,  and  the  height  of  the  barometer,  is  confiderable  in 
the  beginning  of  the  operation,  but  diminifhes  as  in  other  air- 
pumps,  when  the  air  in  the  receiver  becomes  more  rarefied ; 
when  the  external  atmofphere  a6ls  more  powerfully  in  fupport 

*  The  alternate  turnings  of  the  cock  may  eafily  be  performed 
by  a  fimple  appendage  connected  with  the  motion  of  the  pifton. 
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of  (he  column  M  N,  which  in  every  fucceflive  fl r ok e  becomes 
higher,  till  the  exhauftion  is  nearly  compleat,  when  its  height 
will  be  that  of  the  barometer. 

In  order  to  equalize  the  prefling  force  more  nearly  during  the 
whole  operation,  the  upper  end  of  the  piflon  may  be  loaded 
with  a  weight  equal  to  half  the  original  preflure. 

The  mercury  being  a  fluid,  fills  every  angular  fpace  as 
patfes,  till  it  opens  its  way  through  the  valve  R;  confequently 
no  particle  of  air  can  be  left  in  a  condenfed  flate  to  be  more 
rarified  or  diminiflied  by  the  next  flroke  of  the  piflon.  By 
this  means  the  common  defeat  of  air-pumps  feems  to  be 
remedied,  and  the  exhauflion  unlimited.  Betides,  as  neither 
moifture  or  oil  are  introduced  in  this  pump,  the  vapours  anting 
from  them  in  great  exhauflions  are  prevented. 

The  quantity  of  mercury  required,  when  the  diameter  of 
the  w’ooden  box  and  of  the  fphere  P  are  four  inches,  will  be 
about  fixty  pounds,  which  if  taken  out  by  the  cock  O,  may 
ferve  all'o  tor  another  ufeful  apparatus  in  the  fame  laboratory: 
the  mercurial  air  holder. 

Several  projects  for  mercurial  air-pumps  have  been  publiflied 
before,  although  1  think  none  executed;  but  a  eomparifon 
will,  as  I  fuppofe,  eafily  fliew  this  continuation  to  be  quite 
different  from  any  of  them. 

lor  greater  folidity,  I  have  in  the  execution  made  three- 
fourlhs  of  the  tube  M  P  of  iron.  The  fphere  P  is  likewife 
fixed  and  fattened  by  means  not  fliewn  in  the  figure,  but  which 
may  without  difficulty  be  apprehended. 

Excepting  the  cock  Q  R,  which  requires  fome  precifion  of 
workmanthip,  all  the  parts  of  the  machine  may  be  executed  by 
common  workmen,  fuch  as  carpenters,  tmiths,  &c.  who  are 
every  where  to  be  found. 
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VI. 

On  the  Combinations  for  /applying  Worm  Tubs  uith  Cold  Water, 
by  the  Syphon,  with  an  eafy  Method  of  fccio  i/iq  the  Joints  of 
fetch  Hydraulic  Apparatus  aguinjl  the  Admijjion  of  the  External 
Air.  In  a  Letter  from  Mr.  W  m  .  Close. 

To  Mr.  NICHOLSON. 

SIR, 

Dalton,  Feb .  13,  1801. 

The  combinations  which  have  lately  appeared  in  your  Jour-  Reafons  why 
nal,  for  lupplying  worm  tubs,  condenfers,  &c.  with  cold  water,  dpj^is^pika-* 
have  recalled  my  attention  to  certain  experiments  which  I  for-  hie  to  the  fupply 
merly  made  with  the  fyphon;  and  I  am  of  opinion  that  the  ^cworm  tubs> 
method  propofed  will  fucceed  very  well  upon  the  fimple  con- 
dru&ion  of  the  apparatus  delineated  in  Plate  IV.  Vol.  VI.  of 
your  Journal,  if  all  the  parts  are  made  air-tight,  and  a  fufficient 
quantity  of  water  be  provided  to  keep  the  fyphon  in  condant 
action,  under  an  impending  column  of  two  feet.  For  the  air 
difengaged  from  the  water  in  the  worm-tub  will  rife  into  the 
bend  of  the  fyphon  at  B.  Plate  IV.  Vol.  VI.  and  be  carried 
down  the  defeending  column  and  emitted  at  C. 

The  worm  tub  may  be  effectually  fecured  again!!  the  admif-  Eafy  method  of 
lion  of  the  external  air  through  the  joinings  of  the  ftaves,  by  ^‘udingyhe 
being  placed  in  a  larger  tub  filled  with  water;  no  air  then  can  furrounding  the 
podibly  enter  the  interior  tub  fo  long  as  it  is  covered,  and  the  worm  tub  wkh 
workmanfhip  mud  be  very  bad,  if  the  fyphon  fhould  draw  the 
water  out  of  the  exterior  veffel,  fo  fad  as  to  produce  any  in¬ 
convenience  in  replenifhing  it  as  often  as  it  fubfides. 

The  worm  mult  be  made  air-tight  before  it  is  fixed  in  its  To  fet  the  ma- 
place.  If  the  fupply  of  cold  water  at  A  fhould  be  interrupt-  ^en  ftopped^ 
ed,  the  fluid  in  A  will  fubfide  to  a  level  with  the  furface  of  C, 
and,  if  much  air  be  difengaged  during  this  lufpenfion,  and 
while  the  water  is  impending  in  the  apparatus,  the  fyphon  will 
probably  not  refume  its  operation  :  In  this  cafe  the  two  aper¬ 
tures  mud  be  doled,  and  the  apparatus  filled  with  water. 

You  will  remember  the  principles  on  which  I  planned  the 
condrudion  of  a  machine  lor  railing  wrater  by  the  lyphon.  I  phon  engirrefor- 
have  the  complete  model  of  fuch  a  machine:  it  has  four  light,  incib  deferibed. 
felf-adting  valves,  and  when  thole  are  not  prevenfed  from 
doling,  by  impurities  in  the  water,  &c.  it  performs  very  well. 

The 
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Its  power  in 
carrying  down 

air. 


Hence  the 
worm  tub  fy- 
phon  will  be 
effectual  in  car¬ 
rying  oft"  the 
air  extricated 
from  the  water. 


The  fpeftacle 
glafles  of  Dr. 
Woollafton 
cenfured. 


The  fyplion  is  not  quite  two  inches  wide  ;  it  rifes  about  3  fl¬ 
inches  above  the  refervoir  in  which  it  is  placed,  and  the  de¬ 
scending  column  is  fix  inches  longer  than  the  aft  ending  one. 
The  machine  is  conftructed  with  all  the  parts  reprefented  in 
Plate  III.  Vol.  I.  but  under  a  different  arrangement.  It  deli¬ 
vers  about  three  pints  of  water  every  minute,  at  31  inches 
above  the  refervoir  :  the  alternations  are  repeated  every  five 
feconds. 

In  the  operation  of  this  machine,  a  bulk  of  air  equal  to 
three  pints  of  water  is  carried  down  the  defcending  column 
every  minute,  when  the  fall  is  only  fix  inches;  but  I  am  cer¬ 
tain  from  experiment  that  the  fyphon  would  clear  itfelf  of  a 
much  greater  bulk  in  the  fame  lime. 

In  an  experiment  on  the  29th  of  May  1802,  with  a  fyphon 
of  the  above  dimenfions,  and  a  fall  of  fix  inches,  it  appeared 
by  a  graduated  bottle  which  received  the  raifed  water,  that  the 
fyphon  would  take  a  quantity  of  air  equal  in  bulk  to  four 
ounces  of  water  at  lead,  every  three  feconds.  I  think,  there¬ 
fore,  that  the  fmall  quantity  of  air  which  will  be  difengaged 
from  the  water  in  the  worm  tub  at  a  low  temperature,  by  the 
operation  of  the  fyphon,  with  a  fall  of  two  or  three  feet,  will 
be  carried  off  as  fall  as  it  is  produced,  unlefs  the  pipe  be  very 
narrow  in  proportion  to  the  tub, 

I  am.  Sir, 

Your's  refpectfully, 

WILLIAM  CLOSE. 

VII. 

An  Anfwer  to  Dr.  W  ollaston’s  Statement,  “  Of  an  Im¬ 
provement  in  the  Form  of  SpcStacle-Glafes By  Mr.  Wil¬ 
liam  Jones,  F.Ain.P.S.  Optician ,  Ilolborn . 

Observing  in  your  Journal  for  Iaft  Month,  that  Dr. 
V\  .  H.  Wollafion,  by  a  paper  in ferted  therein,  is  attempting 
to  introduce  into  the  conftru&ion  of  fpedlacles,  the  well  known 
and  obfolete  form  of  lens  called  a  menifeus ;  1  beg  leave.  Sir, 
to  otic  r  through  the  channel  of  your  fcientific  and  impartial 
record,  a  few  obfervations  on  his  arguments ;  and  my  reafons 
vv  liv  I  do  not  confider  the  contrivance  as  entitled  to  any  claim 
either  of  novelty  or  improvement. 


When 


REMARKS  ON  SPECTACLES. 


193 

When  a  printed  book,  or  other  objedl,  is  received  through  Aberration  of 
a  convex  fpedtacle-glafs,  or  other  lens  of  a  fhort  focal  diftance,  by  lenfes.*^^ 
luch  as  from  feven  inches  down  to  four  inches  or  lefs,  the  in- 
diftindtnefs  obferved  of  the  lurrounding  parts,  when  the  central 
appear  diflincf,  arifes  from  the  fpherical  figure  of  the  lens, 
and  is  by  Opticians  called  the  longitudinal  aberration  of  the 
lens.  There  is  another  kind  of  aberration  connedled  with  this 
lens,  called  the  lateral  aberration,  which  is  occafioned  by  the 
prifmatic  form  of  the  lens,  producing  different  refrangibility 
ol  the  rays  of  light,  and  blending  the  prifmatic  colours  with 
the  appearance  of  the  object.  It  is  the  longitudinal  aberra¬ 
tion  only  that  I  have  now  occation  to  confider.  This  aberra-  v 

tion  in  Ienfes  of  the  fune  foci,  increafes  with  the  diameter 
and  thieknefs;  and  of  the  fame  diameter  is  in  the  inverfe  pro¬ 
portion  to  the  foci. 

The  rays  iffuing  from  diftant  objedts,  are  more  parallel  to 
each  other  when  incident  upon  the  lens,  than  thole  from 
proximate  ones;  therefore  the  aberration  will  be  lefs. 

Hence,  it  may  be  inferred,  that  when  fpedtacle-glaffes  have  ContradHng  the 
been  made  larger  in  diameter  than  is  fufficient  to  obferve  °cfnfe8 

through,  the  angular  extent  of  objects,  they  refract  fuperfluous  approved, 
light,  and  have  very  properly  been  fomew'hat  reduced  in  dia¬ 
meter,  (o  that  a  perfon  might  ufe  them  without  much  inclining 
the  axis  ol  his  eyes,  or  finding  it  inconvenient  or  unnatural  to 
move  his  head  a  little.  For  the  aberration  is  thus  diminilhed, 

i 

and  confequently  the  objection  in  a  great  degree  removed, 
except  when  the  glaffes  are  of  very  fhort  foci. 

In  concave  glaffes,  the  aberration  or  indiftindfnefs  is  of  a  Concaves, 
fimilar  nature  ;  the  defedt  of  thefe  being  from  the  imperfedt 
divergence  of  the  rays,  inllead  of  the  imperfect  convergence 
in  convex  glaffes. 

Spectacle-glaffes  are  now  generally  made  of  the  double  Remarks  on 
concave,  and  double  convex  forms  or  nearly  fo  ;  for  a  little 
alteration  of  figure  does  not  affedt  the  general  appearance  ofprovcments 
objedts  viewed  through  them.  It  is  in  fcience,  as  in  other  made  jn  tncfn* 
cafes,  that  general  utility  does  not  always  depend  on  trifling 
alterations.  Spedtacles  are  recorded  to  have  been  invented 
about  the  year  1300,  and  from  much  reading  and  many  years 
experience  in  this  fmall,  but  invaluable  article,  I  really  do  not 
knowr,  that  during  the  elapfed  time,  any  optical  inftrument 
of  any  kind  whatfoever  has  undergone  more  innovation,  and 
Vol.  VII. — March,  1304.  O  attempts 
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attempts  at  improvement.  Of  many  within  my  knowledge, 

I  fliall  only  (elect  the  following  as  entitled  to  any  degree  of 
commendation.  Ayfcough' s  crown  glafs  fpe<5tacles.  The  bi- 
fedled  glades  of  Dr.  Franklin.  Rib  right's  double  glades.  The 
viiual  giafl'es  ot  that  learned  Optician  Air.  Martin.  The  fquare 
convex  form  by  Stour.  The  patent  combined  glatfes  ot 
Meflrs.  Watkins  and  Smith,  injudicioufly  called  achromatic, 
confiding  ot  a  convex  lens,  combined  with  a  mcnifcus  or  con¬ 
cave  convex  lens.  In  the  various  mountings  of  the  frames 
there  is  a  full  greater  variety. 

Notwilhdanding  thefe  contrivances,  univerfal  experience 
has  caufed  the  original  and  ftmple  form  of  glatfes  to  (uperfede 
them;  and  it  affords  an  indubitable  proof,  that  it  is  the  beft 
and  moll  convenient  that  can  be  devifed,  when  clear  glats, 
accurate  tools,  and  good  workmanfriip  are  ufed. 

The  theorem  given  by  Iluygtm ,  and  demontlrated  by  many 
other  lubfecjuent  writers  on  optics,  proving  that  a  convex  lens 
having  its  radii  of  cuivature  in  the  proportion  of  one  to  fix, 
has  lels  aberration  than  any  other  form  of  lens,  when  the 
greateft  eonvexity  is  towards  the  object ;  and  the  fame  for 
the  concave  lens;  mud  hold  true  for  any  ufe  whatfoever,  for 
which  fuch  a  formed  lens  may  be  required. 

It  does  not  appear  to  have  occurred  to  Dr.  W.  that  the 
eye  girdles  ufed  to  magnify  the  images  formed  by  the  objeft 
glades  in  telefcopes  are  of  the  bed  form,  when  with  the  curves 
of  the  proportion  above  mentioned.  In  the  eye  pieces  of  the 
bed:  achromatic  telefcopes,  they  are  always  applied,  and  iu 
high  powers,  the  image  frequently  fubtends  an  angle  from  the 
centre  of  the  eye  glals  of  fixty  degrees  or  more.  I  have 
never  feen  any  correct  dioptrical  theorem,  that  tended  to  prove 
that  a  menifeus,  lingly,  or  combined,  will  anfvver  fo  per- 
fe6Uy  the  fame  purpofe. 

The  ordinary  purpofes  of  vidon,  are  very  well  anfwered 
by  the  common  glades,  under  an  angle  as  large  as  eighty  or 
ninety  degrees,  and  the  beft  artids,  or  draughtlmen  allow, 
that  60  is  as  much  as  a  fixed  petition  of  the  eye  ought  in 
perlpective  to  embrace,  to  convey  a  juft  reprefen  tat  ion  on 
the  optic  nerve. 

To  perfons,  the  humours  ©f  whofe  eyes  are  fo  decayed  as 
to  be  deficient  in  their  original  refra&ive  power,  glafles  of  diort 

foci 
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foci  will,  to  them,  render  the  extreme  parts  of  objeCls  Tome-  Remarks  on 
what  confufed;  but  in  a  much  lefs  degree  than  to  perfons,  with  devalue 
perfect  eyes,  or  undecayed  humours.  of  Dr.  Wolla- 

In  telefcopes  and  microfcopes,  the  aberration  is  ufually  cut  ^]^P^ent 
off  by  the  insertion  of  circular  apertures  or  flops;  but  in  fpec- 
taeles  this  is  not  effentiallv  neceflary,  nor  does  the  want  of 
them  or  the  figure  of  the  glades,  prove  that  they  are  con- 
ftitutionally  bad  and  prejudicial. 

The  obfervation  of  Dr.  W.  that  only  a  portion  of  the  glafs 
a  little  larger  than  the  pupil  of  the  eye,  is  employed  at  once, 
is  onlyjufl:  mafrnuch  as  it  relates  to  the  mind,  being  intent  on 
a  point  of  an  objeCt  ;  but  not  fo  in  regard  to  a  general  view. 

For  the  refractive  power  of  the  lens  does  molt  admirably  colleCt 
all  the  infinite  number  of  pencils  of  rays,  or  cones,  into  one 
concurrence  at  the  pupil  of  the  eye  ;  where  they  crofs  or  in- 
terfeCl  each  other  :  yet,  fuch  is  the  exquifite  fubtilty  of  light^ 
that  no  confufion  or  irritation  takes  place.  Man  is  thus  bleffed 
by  aflifted  vifion,  as  he  is  in  vitality  by  the  refpiration  of  air. 

Dr.  W’s  inferring  the  form  of  a  menifcus  from  the  fhape  of  a 
globe,  is  manifeltly  erroneous  ;  and  in  refpect  to  fpeCtacles  in. 
appropriate.  A  glafs  globe  or  fphere  without  any  fenfible 
thicknefs,  to  an  eye  exaCtly  placed  in  its  centre,  admits  all  the 
incident  rays  to  pafs  throughout  it  unrefraCted.  If  the  eye 
deviates  from  the  centre,  a  refraCtion  will  take  place,  and  that 
in  proportion  to  the  thicknefs  of  the  fphere.  Rays  of  in¬ 
cidence  pafs  perfectly  unrefraCted  through  truly  ground  plane, 
or  parallel  glafs,  to  an  eye  before  it ;  and  let  the  axis  of  the 
eye,  be  ever  fo  much  inclofed,  unlefs  the  glafs  be  very  thick, 
the  objeCt  will  dill  appear  perfeCt,  and  no  refraCtion  of  the 
incident  rays  will  be  obferved.  It  is  obvious,  therefore,  the 
nearer  a  lens  approaches  to  the  figure  of  a  plane,  the  more 
perfeCt  it  muft  be. 

The  figure  of  a  menifcus,  which  Dr.  W.  wifhes  to  adopt, 
is  as  different  from  a  fphere,  as  a  plane.  Its  figure  is  com. 
pofed  of  two  portions  of  fpheres,  of  different  radii.  When 
with  a  pofitive  focus  it  is  mathematically  demonftiable,  that 
it  has  entirely  the  properties  of  a  convex  lens,  and  with  a 
negative  focus  the  properties  of  a  concave  one.  When  the 
radius  of  the  exterior  curve,  is  lefs  than  that  ol  the  interior 
jt  is  a  convex  lort  of  lens,  and  magnifies  ;  but,  when  the 
radius  of  the  interior  curve  is  lefs  than  that  of  the  other,  it  i> 
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Remarks  on  a  concave  lens,  and  diminidies.  It  has  a  Ho  been  demonftrated, 
certai'i  the  valve  that  the  nearer  the  form  of  a  rnenifcus  approaches  to  that  of  a 

of  Dr.  Wolla-  piano  convex  or  concave,  the  more  perfect  it  will  be,  and 
fton’s  patent  >  ,  r  , 

(pcaades.  produce  lefs  aberration. 

I  fhall  difpenfe  here  with  the  proofs  by  algebraical  and 
analytical  formulae,  as  any  qualified  reader  will  find  them  in 
the  optical  works  of  Huygens,  Mohneux ,  Euler ,  D’Alembert, 
Smith ,  Emerfon  and  Martin  ;  and  many  others. 

The  rays  of  light  ilT’uing  from  a  near  object  to  a  fpectacle 
glafs  before  the  eye,  are  in  diverging  pencils  or  cones,  and 
the  rnenifcus  form  of  glafs  of  any  certain  pofitive  focus,  will 
refra<5t  them  towards  a  ftate  of  parallelifm  into  the  eye,  necef- 
fary  to  produce  diftimft  vifion,  in  decayed  fight,  pre- 
cifely  in  the  fame  manner  as  a  double  convex  or  planoconvex 
glafs  of  the  fame  focus  would  do.  A  rnenifcus  with  a  negative 
focus,  acts  no  ways  different  from  the  double  or  piano  concave 
glaffes ;  the  rays  of  light  being  divergent  fome what  to  coun¬ 
teract  the  effects  of  too  great  a  convexity  in  the  humours  of 
the  eye  of  a  fliort  fighted  perfon.  Perhaps,  it  is  hardly 
neceffary  to  obferve,  that  imperfect  vifion  in  the  optical  fenfe, 
confifts  in  the  long  fighted  eye,  in  the  rays  of  light  not  being 
fufficiently  converged  by  its  humours,  to  meet  on  the  retina 
of  the  eye,  but  falling  beyond  it;  and  in  a  fliort  fighted  eye 
by  the  rays  converging  too  much,  fo  as  to  meet  before  they 
reach  ihe  retina. 

Varying  the  geometrical  figure  of  a  lens,  does  not  con- 
ftitute  any  new  optical  principle,  for  any  of  the  common 
fpecies  of  lenfes,  may  be  cut  into  the  form  of  a  fquare,  a 
triangle,  an  oval,  Sz c.  all  figuratively  various,  but  conlifting 
only  of  one  optical  principle. 

The  ufe  of  the  rnenifcus  has  been  abandoned  by  Opticians, 
by  its  containing  in  companion  with  other  lenfes,  the  greatefl 
fpherical  furface,  and  confequently  producing  the  greatefl 
aberration.  Reducing  the  curvatures  of  the  rnenifcus  elongates 
the  focus,  in  the  fame  manner  as  in  other  lenfes,  and  there¬ 
fore  reduces  the  aberration.  Hence  in  fpc&acle-glafles  that 
are  not  of  fliort  foci,  no  preceptible  difference  will  be  found 
to  perfons  unacquainted  with  optical  experiments. 

There  are  various  pra&ical  methods  that  will  point  out  to 
perfons  the  aberration  of  lenfes  here  fpoken  of,  and  that  the 
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menifcus  caufes  thegreated  of  any  of  the  other  forms  of  lenfes  ; 
but,  the  following,  I  would  recommend  as  the  mod  eafy  and 
illudrative. 

Take  a  menifcus  lens  about  the  fize  of  a  fpcctacle-glafs, 
and  with  four  inches  pofitive  focus,  and  take  alfoajdano  con¬ 
vex  or  a  double  convex,  of  the  fame  diameter  and  focus,  in  a 
room  with  one  lighted  candle,  at  a  diflance  by  night,  hold  the 
convex  glafs  near  to  the  white  wall  or  wainfcot  fide  oftheroom, 
between  it  and  the  candle;  move  the  lens  backwards  and  forwards 
till  a  clear  image  of  the  candle  is  formed,  which  will  beadidinCt 
inverted  image  of  it :  do  the  fame  with  a  menifcus,  and  there 
will  be  this  difference  obferved  by  the  menifcus,  that  incir- 
cling  the  vivid  image  of  the  flame,  there  will  be  a  faint  white 
light,  which  is  the  circle  of  the  aberration  ;  and,  evidently 
(hews,  that  it  is  the  word  form  of  the  two  for  a  fpeCtacle- 
glafs,  or  any  other  purpofe. 

Two  convex  double  glades  placed  together  in  one  cell, 
contain  lefs  aberration  than  one  glafs  of  the  fame  diameter 
and  focus ;  and  two  piano  convex-glades  with  their  convex 
fides  placed  together  in  one  cell,  give  dill  lefs  aberration. 
It  is  lofs  of  light  only  that  can  be  objected  to.  They  are  too 
weighty  to  be  adopted  in  fpeCtades,  but  in  eye  pieces  of  large 
telefcopes  for  viewing  celedial  objeCts,  they  have  been  ufed 
with  great  advantage.  To  engravers,  miniature  painters, 
and  other  artids,  they  are  mod  ufeful,  as  by  fhort  foci  and 
large  apertures,  they  give  them  the  mod  diftincl  view  of  a 
large  furface  placed  before  them. 

For  the  fatisfaCtion  of  an  intelligent  perfon,  who  may  be 
difpofed  to  have  an  ocular  proof  of  the  properties  of  glades 
as  herein  advanced,  I  have  condruCted  a  frame,  containing  a 
double  convex,  piano  convex,  a  menifcus,  two  piano  con- 
vexes,  with  their  convex  fides  to  each  other,  all  of  the  fame 
diameter,  and  the  foci  about  four  inches,  and  by  which  may 
be  feen  that  the  greated  peripheretical  indidin6tnefs  is  with 
the  menifcus  glafs.  This  apparatus  will  be  ftiewn  by  ap¬ 
plication  at  our  manufactory  in  Holborn. 

The  menifcus  as  a  figure  lor  a  fpeCtacle  glafs  I  condder  very 
objectionable.  To  adord  a  large  field  of  view,  its  diameter 
mud  be  confiderable;  which  for  a  tliort  focus  will  increafe 
thicknefs,  protuberance  outwards,  and  weight;  and,  in  con¬ 
cave  glades  occafion  the  frames  to  be  made  thicker;  the  glades 
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will  be  more  liable  to  be  fcratched  and  broken  than  thofe  ot 
the  common  form,  and  when  the  frames  are  metallic,  more 
likely  to  increafe  than  diminifh  that  indelible  mark,  made  on 
the  nofe  by  the  weight  of  the  frame,  fo  frequently  complained 
of  by  perfons  who  wear  fpe<5tacles  almoft  conflantly.  A  great 
deal  of  fuperfiuous  light  alfo  pafiing  through  the  glades,  mud 
be  evidently  prejudicial;  and,  it  appears  to  me  that  the  con¬ 
cave  figure  of  the  inner  fide  of  the  rnenilcus  will  adt  as  a 
powerful  reflector  to  condenfe  the  rays  of  light  and  heat  upon 
the  eyes,  and  ultimately  prove  thereby  of  lerious  injury. 

I  have  in  my  pofleflion  a  inenifcus  fpectacle  glafs,  taken 
from  a  fpedtacle  frame,  which  I  can  prove  to  have  been  made 
many  years  ago;  and,  finally,  as  this  form  is  neither  new 
in  principle,  or  in  practice,  I  am  at  a  lofs  to  know  upon  what 
fort  of  difcovcry  his  Majefiy\s  letters  patent  have  been  fo- 
licited. 

I  am. 

Sir, 

Your’s,  &c. 

W.  JONES. 


VIII. 

An  Account  of  an  Occultation  of  h  Nebulae  Sagillarii ,  by  the 
Planet  Mars,  on  the  \ith  of  April  1796,  obferxed  by  Sir 
Henry  Eng  left  eld.  Part.  F.  II.  S.  in  a  Letter  ad - 
dreffed  to  the  Rev.  Nevil  Maskeryne,  D.  D.  F.  R.  S. 
and  AJtronomer  Royal.  * 


DEAR  SIR, 


Occultation  of  a 
fixed  ftar  by  the 
planet  Mars. 


Thefe  obferva- 
tions  are  very 

rare. 


1  BEG  leave  to  communicate  to  you  an  obfervation,  which 
1  had  the  good  fortune  to  make,  of  an  occultation  of  a  fixed 
ftar  by  the  planet  Mars ;  and  which,  as  far  as  I  can  learn, 
was  feen  by  nobody  in  this  country  but  myfelf  and  Lady  Buck, 
at  whole  houfe  at  Peterfliam  I  made  the  obfervation,  and  to 
whom  I  fhowed  the  planet  when  nearly  approaching  to  con¬ 
junction  with  the  flar. 

Obfervations  of  this  kind  may  be  ranked  among  the  rarefit 
phenomena  in  aftronomy.  Mr.  De  La  Lande  records  but 


*  From  the  Journals  of  the  Royal  Inftitution,  No.  16,  p.  38; 
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Kyur  fince  the  invention  of  telelcopes.  Of  thefe,  one  only  is 
by  Mars,  and  that  fo  long  ago  as  about  the  year  1630,  by 
Galfenili.  f  he  curious  and  very  important  conjundtion  of 
Alai's  with  pti  aquarii,  in  October  1672,  whence  Caflini  had 
hoped  to  deduce,  with  great  accuracy,  the  parallax  of  Mars 
and  the  Sun,  was  miffed  by  bad  weather  at  the  moment  of 
the  occupation.  Since  that  time,  I  do  not  know  that  any  ob¬ 
fervation  of  this  kind  has  been  made. 

1  he  night  of  April  17,  1796,  being  very  clear,  I  was  led  Account  of  die 
by  mere  accident  to  diredt  my  telefcope  to  Mars,  about  two  oWervat‘on* 
o’clock  in  the  morning  ;  and  I  law  with  equal  pleafure  and 
furprife,  a  Par,  about  three  of  his  diameters  to  the  eaP  of 
him,  and  in  a  line  perpendicular  to  his  horns,  he  being  then 
gibbous.  It  was  evident  that  an  occultation  would  take  place, 
and  I  prepared  every  thing  for  the  obfervation. 

The  telefcope  I  ufed  is  an  achromatic  of  Ramfden,  the  Inftruments. 
aperture  2.73,  with  a  fingle  eye-glafs,  magnifying  100  times. 

The  clock  is  a  very  good  regulator,  with  a  wooden  pendulum, 
and  to  be  depended  on  to  lefs  than  2  feconds  in  the  24  hours. 

The  observations  for  the  time  were  made  with  an  excellent  fix 
inch  Hadley’s  lextant  of  Ramfden’s,  and  an  artificial  horizon 
of  mercury. 

The  pofition  of  Peterfham,  as  deduced  by  a  furvey  made  Place  of  the  obf. 
by  me  fome  years  fince,  from  the  Royal  Obfervatory  at  Kew, 
which  was  one  of  the  points  fettled  by  General  Roy  In  his 
great  furvey,  is  1 '  12"  in  time  well  of  the  Obfervatory  at 
Greenwich  in  longitude;  and  its  latitude  by  the  fame  furvey 
31°  26 '  34". 

To  return  to  the  obfervation.  The  fkv,  during  the  whole  Collateral  cir- 
rime,  was  perfectly  free  from  clouds,  but  was  remarkably  full  cum  anccs* 
of  vapours,  which  at  times  produced  a  greater  undulation  in 
the  limb  of  Mars,  than  I  almoft  ever  faw.  The  wind  was  in 
the  call,  and  probably  the  columns  of  warm  air  blown  from 
London,  mixed  very  irregularly  with  the  atmofphere  of  Pe- 
terfiiam.  This  Pate  of  the  air,  and  the  low  altitude  of  Mars, 
whofe  fouthern  declination  was  23°f ,  rendered  it  impoffibie  to 
diftinguilli  with  certainty  the  fiar,  from  the  protuberances  in 
the  waving  limb  of  Mars  at  the  moment  of  immerfion,  though 
the  brilliant  and  filvery  light  of  the  Par  eontrafted  Prongly 
with  the  dull  red  hue  of  the  planet.  The  obfervation  of  the 
immerfion  of  the  Par  is  therefore  uncertain,  to  near  a  minute 
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Iffe£l  of  the 
atmofphere  of 
Mars,  probably. 


of  lime.  At  the  emerfion  the  date  of  the  air  was  rather  more 
favourable  than  at  the  immerlion  ;  and  as  the  dar  emerged 
from  behind  the  dark  limb  of  Mars  at  a  femtible  didance  from  his 
enlightened  edge,  this  obfervation  is  much  more  certain  than 
that  ot  the  immerfion  ;  and  is  probably  true,  to  five,  or  ten 
feconds  at  mod. 

The  fiar  at  its  fir  ft  emerfion,  certainly  appeared  much  fainter 
than  it  did  foon  afterwards ;  but  I  cannot  pretend  to  decide, 
that  this  apparent  diminution  of  its  light  was  owing  to  any 
other  caufe  than  its  great  proximity  to  the  fuperior  light  of  the 
planet.  Yet  it  was  at  firft  fo  faint  as  to  be  very  doubtfully 
vifible,  and  in  lefs  than  a  minute  was  very  confiderably 
brighter.  As  in  this  interval  of  time,  its  difiance  from  the 
planet  was  not  very  much  increafed,  it  is  probable  that  the 
atmofphere  of  Mars  might  have  been  the  caufe,  at  lead  in 
fome  degree,  of  this  appearance. 


Occupation  of  a 
fixed  ftar  by  the 
planet  Mars. 


Occultation  of  b  $  by  the  Planet  Mars,  April  17,  1796, 

at  Pctevjhani . 


Immerfion  of  b  f  per  clock . 13h  4'  48" 

Uncertain  to  nearly  one  minute. 

Emerfion  of  b  $  per  clock . i5h  24'  28" 

Certain  to  five,  or  ten  feconds  at  mod. 


The  fiar  paffed  to  the  north  of  the  centre  of  Mars.  The 
immerfion  was  about  one  third,  or  at  mod  two  fifths  of  his 
femidiameter  north  of  the  centre.  The  emerfion  uot  quite 
half  the  femidiameter  north  of  the  centre,  by  edimation. 

The  clock,  at  the  time  of  the  occultation, 

was  fad  on  mean  time  .  .  .  .  .  oh  4'  2 if" 

The  immerfion  was  therefore  at  .  .  .  15h  0'  26-" 

The  emerfion  at . 20'  6-/A 

Mean  time  at  Peterfham. 


And,  Greenwich  being  I'  12"  in  time  ead  of  Peterdiam, 
the  obfervations  reduced  to  the  meridian  of  Greenwich  are, 

Mean  Time.  Apparent  Time. 

Immerfion  .  .  .  15h  1'  3]  I"  15h  2'  28-" 

Emerfion  .  .  .  1 5h  21'  18f"  I5h  22'  8f" 

Although  this  obfervation  is  fubjeft,  from  the  circumdances 
dated  before,  to  an  uncertainty  of  half  a  minute  in  time,  as 
to  the  middle  of  the  occultation ;  yet,  as  the  geocentric  mo¬ 
tion 
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lion  of  Mars,  was  at  this  time  not  quite  two  feconds  of  a  de¬ 
gree  in  three  minutes,  his  place  (that  of  the  Par  being  accu¬ 
rately  known),  may  certainly  be  determined  by  this  obferva- 
tion  within  a  tingle  fecond  ;  with  a  view,  therefore,  of  apper¬ 
taining  the  accuracy  of  the  tables  of  Mars,  given  in  the  laP 
edition  of  De  la  Lande’s  Afironomy,  the  longitude  and  lati¬ 
tude  of  Mars  were  computed  with  care  as  follow  : 

1796,  April  17d  15h  12'  1  8"  apparent  time  at  Greenwich. 
Geoc.  Long.  Geoc.  Lat.  Auft. 

Mars  8*  27°  7/  37"  0°  20'  41"  4 O'"  uncorre&ed, 

for  aberration  or  parallax.  And  April,  18d  15h  12'  18"  his 
place  was  8*  27°  23'  2"  0°  22'  58"  1 8'". 

His  daily  motion  in  longitude,  was  therefore  0°  15' 25", 
and  in  latitude  0°  2'  16"  38"'  increafing. 

His  aberration  in  longitude  at  the  time  of  obfervatiou, 
was  —  3". 97,  and  his  horizontal  parallax,  that  of  the  Sun 
being  taken  at  8". 72,  was  1 1".7  12. 

The  parallax  in  longitude  and  latitude,  computed  by  the 
tables  of  the  Nonagetimal  for  Greenwich,  given  in  the  Con - 
naijjiince  des  Terns  for  1775  is.  Par.  Long.  -}-  1".772,  and  Par. 
Lat.  -f  1 1".2. 

The  apparent  place  of  Mars  at  the  time  of  the  occupation 
was,  therefore,  by  thefe  tables, 

Gcoc.  Long.  Geoc.  Lat.  Auft. 

8*  27°  7/  34". 8  0°  20'  5 2". 9. 

But  the  place  of  the  Par,  as  fettled  at  Greenwich,  was  at 
the  time  of  occupation. 

Long.  Lat.  Auft. 

8s  27°  6'  19"  ,  0°  20'  41" 

And  as  the  centre  of  the  planet  paffed  about  two  fifths  of 
his  femidiameter  fouth  of  the  Par,  and  the  apparent  diameter 
of  Mars  at  that  time  was  very  nearly  fourteen  feconds  and  an 
half;  the  difference  of  latitude  between  the  Par  and  Mars, 
may  be  ePimated  at  three  feconds,  without  poffible  error  of 
above  half  a  fecond. 

The  apparent  place  then  of  Mars,  as  found  by  obfervatiou, 
was, 

Geoc.  Long.  Geoc.  Lat.  Auft. 

8*  27°  6'  19"  0°  20'  41" 

and  the  error  of  the  tables  is  in  longitude  -f-  V  15".8,  and 
in  latitude  -{-  12". 

Had 
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Had  tli is  obfervation  been  made  under  favourable  circum- 
fiances,  (he  diameter  of  Mars  might  probably  have  been  de¬ 
duced  from  it  with  a  great  degree  of  accuracy  ;  although  Inch 
determination  would  always  have  been  fubjed  to  uncertainty, 
from  the  effects  of  the  refraction  of  his  atmofphere,  which  it 
is  impoftible  to  eftimate,  but  which  feems,  from  fome  circum- 
ifances,  to  be  very  confiderable. 

In  the  prefent  obfervation,  two  other  caufes  of  uncertainty 
exiff.  The  firft  is,  the  doubt  of  the  duration  of  the  occupa¬ 
tion  ;  the  fecond,  the  poflibility  of  miftake  in  the  eftiroation 
of  the  di fiance  of  the  ffar  from  (he  centre  of  Mars. 

The  firlf  of  thefe  caufes  cannot  induce  an  error  of  more  than 

two  thirds  of  a  fecond  in  the  eflimate  of  his  diameter.  Pro- 

/ 

bably  the  error  is  not  more  than  half  that  quantity. 

The  probable  error  arifing  from  the  fecond  caufe,  may 
amount  to  about  the  fame  quantity  as  the  former.  Of  this 
I  formed  as  near  a  judgment  as  I  could,  by  drawing  Figure  2, 
Plate  XU .  and  placing  the  path  of  the  ftar  at  its  utmoft  limits 
«f  diftance  from  the  centre  by  my  eye.  If  the  effects  of  both 
thefe  caufes  lie  the  fame  way,  an  error  of  a  fecond  and  an 
half  in  the  determination  of  the  diameter  of  Mars,  may  pof- 
iibly  arife;  but  it  is  highly  probable,  that  the  error  is  very 
much  lefs  than  that  quantity,  putting  the  effects  of  refra&ion 
out  of  the  queftion. 

Having,  therefore,  to  the  beft  of  my  power,  compared  all 
the  circumftances  of  the  obfervation,  and  the  effects  of  the 
above  caufes;  I  confider  the  equatorial  diameter  of  Mars,  as 
refulling  from  it,  to  be  at  that  time  and  as  the  diftance 

of  Mars  from  the  Earth  was  then  0.744$<5,  the  Sun’s  mean 
dittance  being  1,  the  diameter  of  Mars  at  (he  mean  diftance 
of  the  Sun,  would  be  ]0'\8.  Dr.  Herfchel,  in  his  laft  paper 
on  Mars,  makes  it 

As  all  the  caufes  of  error  in  my  obfervation,  tend  rather  to 
dimini th  than  increafe  the  fize  of  the  planet,  I  am  furprifegl 
that  I  fliould  have  exceeded  his  eftimate;  which  is,  however, 
lefs  than  that  of  former  aftronomers. 

This,  Sir,  is  all  that  has  occurred  to  me  on  the  fubjeft  of 
this  very  uncommon  obfervation. 

You  will  perceive,  that  I  have  not,  in  my  eftimations  of  the 
diameter  of  Mars,  or  of  the  diftanccs  of  the  ftar  from  his 
limb,  made  any  mention  of  the  fpheroidical  figure  of  the  pla¬ 
net.,  The  differences  in  the  retails  would  be  perfectly  infen- 

fible. 
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fihJe,  if  that  element  had  been  confidered  ;  and  as  I  never  Occultatlon  of  a 
have  been  able  to  perceive  the  difference  of  his  diameters,  I  p^^Mars  ^ 
cannot  but  fulpe<5t  it  to  be  lets  than  Dr.  Herfchel  fuppofes. 

I  am, 

Dear  Sir, 

Your  obliged  and  faithful. 

May  23,  1797.  H.  C.  ENGLEFIELD. 

P.  S.  In  the  Connaiffance  des  Tam  for  the  year  VI.  page 
457,  and  year  VII.  page  428,  are  accounts  of  an  obfervation 
of  this  occupation,  made  at  Aubenas,  or  Viviers  (for  it  is  not 
certain  at  which  of  thefe  places)  by  Mr.  Flaugergue,  member 
of  the  National  Inftitute.  It  is  not  clear  from  thefe  accounts 
that  he  actually  faw  the  emerfion  :  at  15h58/2.5//,  apparent 
time,  he  faw  the  Par,  diftant  from  the  limb  of  the  planet  only 
by  an  interval  equal  to  the  fuppofed  breadth  of  the  dark  part 
of  the  difc  of  Mars,  and  it  was  extremely  faint,  but  perfedtly 
white.  Its  pofition  was  about  20°  to  the  weft  of  the  vertical, 
and  above  the  horizontal  diameter.  Mr.  Flaugergue  fuppofes 
that  the  ftar  palled  within  a  fecond  of  the  northern  limb  of 
Mars,  and  mult  have  been  hidden  ten  minutes  and  an  half. 

As  the  place  of  obfervation  was  in  a  lower  latitude  than 
London,  the  obferver  there  mu  ft  have  feen  the  ftar  pafs  nearer 
the  centre  of  Mars  than  I  did,  the  effect  of  parallax  being  lefs, 
and  the  occupation  muft  in  confequence  have  lafted  longer : 
but  my  obfervation  proves,  beyond  a  doubt,  that  the  ftar 
paffed  much  nearer  the  centre  than  Mr.  Flaugergue  fuppofes, 
as  I  loft  fight  of  the  ftar  at  leaft  nineteen  minutes  and  an  half. 


IX. 


Letter  from  Mr .  Ezekiel  Walker,  containing  a  confider able 
Improvement  in  Time-Pieces  by  Mr.  Barraud,  with  Re - 
marks. 


To  Mr.  NICHOLSON, 


SIR, 


iL  HE  method  of  determining  the  longitude  by  time-keepers,  'the  dctermina- 

poffeffes  fome  advantages  fuperior  to  any  other  that  has  yet  fi°n  °f  long|tude 
1  04  J  J  by  a  time-keeper 

been  propofed.  In  the  firft  place,  this  method  is  attended  p  more  eafy  and 

with  can  be  oftener 
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made  than  by 
other  methods. 


Remarkable  cafe 
in  proof. 


But  time-keep¬ 
ers  are  very  ex- 
penfive,  and 
liable  to  irregtf- 
Jarity. 


Difcovery  of 
Mr  Barraud, 
by  which  time¬ 
keepers  are  ren¬ 
dered  more  per¬ 
fect,  and 
cheaper. 


with  very  little  trouble ;  and,  fecondly,  the  longitude  can  be 
found  oflener  by  a  time-keeper  than  by  any  other  means.  I 
have  not  met  with  a  more  ftriking  proof  of  this  pofttion,  than 
in  the  voyage  of  La  Peroufe  round  the  world  in  the  fhip  La 
Bouflole.  Between  the  1ft  of  Auguft  1785,  and  the  8th  of 
September  1787,  this  celebrated  navigator  took  only  72  lunar 
observations ;  but  he  took  393  observations  on  the  longitude 
by  his  time-keeper  No.  19.  This  is  an  unequivocal  proof  of 
the  benefits  that  navigation  derives  from  this  mode  of  finding 
the  longitude. 

It  is  to  be  regretted,  however,  that  time-keepers  are  ex- 
penfive  and  liable  to  flop,  or  go  irregularly.  Were  it  not  for 
thefe  inconveniences,  no  other  method  of  finding  the  longi¬ 
tude  need  be  fought  after.  But  a  difcovery  was  made  by  Mr, 
Barraud,  about  the  clofe  of  the  laft  century,  on  the  effeds  of 
oil  on  time-keepers,  which  not  only  reduces  (hem  in  price, 
but  contributes  to  their  performing  with  greater  precifion. 

Mr.  Barraud  had  frequently  communicated  fo  me  his  im¬ 
provements  in  chronom e-try,  but  this  difcovery  on  the  effects 
ot  oil,  appeared  a  matter  ot  fo  much  importance,  that  I  wrote 
to  him,  requefting  his  leave  to  publith  it,  and  the  following 
extract  is  taken  from  his  obliging  anfwer. 


To  Mr.  WALKER. 


DEAR  SIR, 


London,  Jan,  28,  1804. 


Letter  from  Mr* 
Barraud. 


Jewelling  the 
holes  of  time¬ 
keepers  is  inju¬ 
rious  $ 


the  oil  in  fuch 
holes  being 
fooner  vitiated 
than  in  brafs 
fc.ok'3. 


I  AM  much  pleafed  to  find  that  it  is  your  intention  to  favour 
the  public  with  your  obfervations  on  chronometry,  and  lhall 
derive  fatisfadion  in  contributing  my  mile  to  fo  defirable  an 
end  :  you  are  therefore  welcome  to  ufe  fuch  information  as  my 
experience  of  fads  enables  me  to  furnifh. 

The  ftate  of  my  regulator  I  have  already  deferibed  [in  a 
former  letter],  from  which  I  infer,  that  fo  far  from  jewelled 
holes  being  advantageous  in  clock-work,  they  are  abfolutely 
injurious.  That  they  are  equally  fo  in  chronometers,  I  have 
had  abundant  experience,  having  found,  almoft  without  ex¬ 
ception,  in  chronometers  coming  off  a  long  voyage,  the  oil  in 
a  much  worfe  condition  in  the  jewelled  holes  (particularly  in 
thofe  where  the  fridion  was  eonfiderable)  than  in  the  brafs 
ones.  I  have  theretore  been  induced,  in  every  inftance,  to 
rejed  jewelled  holes,  and  introduce  thofe  of  brafs,  and  the 
/  alteration 
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accretion  has  been  condantly  favourable  to  the  performance  of 
the  time-keeper.  I  fhould  be  happy  in  having  a  communica¬ 
tion  with  you  viva  voce  on  this  theme,  &c.  &c. 

I  am,  &c. 

P.  P.  BARRAUD. 

That  Mr.  Barraud  has  not  made  this  alteration  in  his  chro¬ 
nometers,  in  a  hady  manner*  will  appear  from  the  following 
extradt  taken  from  another  of  his  letters. 

»  To  Mr.  WALKER. 
dear  str,  London ,  July  17,  1800. 

SINCE  we  parted,  I  have  found  additional  reafons  to 
believe  that  jewelled  holes  (where  friction  is  great)  are  in¬ 
jurious.  A  box  time-keeper  which  I  have  recently  taken  to  Inftanoe  of  a 

pieces,  on  its  return  from  a  long  voyage,  had  the  oil  in  the  1:1  ^-keeper,  in 
[  f  ,  ,  .  ,  n  ,  .  ,  .  ..  .  T  which  the  oil 

brals  holes  in  a  much  purer  ltate  than  in  the  jewelled  ones.  In  was  much  more 

the  former  it  dill  remained  in  a  date  favourable  for  adtion,  but  vitiated  in  the 

in  the  latter,  the  pivots  were  fo  dxed  by  the  tenacity  of  the ^hTbraVhoks1;1* 

oil,  as  to  require  force  to  extricate  them  ;  the  decl  was  alfo 

deeply  dained,  and  had  parted  with  all  its  luftre,  & c.  &c. 

I  am,  &c. 

P.  P.  BARRAUD. 

Prom  thefe  and  many  other  obfervations  made  by  Mr.  Moft  probably 

*  *  U  U  ^ 

Barraud  upon  the  effects  of  oil  on  time-keepers,  it  appears  t]ieVeel0pivots* 
that  fmall  particles  of  deel  are  worn  off  by  friction  in  the 
jewelled  holes,  and  mixing  with  the  oil,  form  a  glutinous  fub- 
ftance  that  caufes  the  time-keeper  to  go  irregularly. 

On  the  ASlion  of  Cold  on  Oils. 

IT  is  a  known  property  of  fome  oils,  that  they  freeze  much  Olive  oil  freezes 
fooner  than  w'ater.  The  oil  of  olives  freezes  at  42|°  on  at  4^idcSrees* 
Fahrenheit's  fcale,  eonfequently  the  pured  oil  of  this  kind 
will  lofe  its  duidity  fooner  than  that  which  contains  fome 
aqueous  particles.  Hence  we  may  conclude,  that  watch¬ 
makers  ought  to  make  choice  of  that  oil  which  freezes  with 
the  lead  degree  of  cold  ;  and  as  cold  lias  no  power  to  decom- 
pofe  olive  oil,  it  need  not  be  rejected  on  account  of  its  having 
affumed  the  concrete  form. 


In 
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In  confequence  of  this  oil  freezing  much  fooner  than  water, 

the  following  queries  feem  to  claim  our  attention  : 

Hence  it  may  Query  1.  Will  a  time-keeper  go  at  the  fame  rate  when  the 

perhaps  be  ne-  jj  js  frozen  that  ft  did  when  the  oil  was  in  a  fluid  (late  ? 
ceflary  to  adjult  * 

ind  keep  time-  If  this  query  be  anfwered  in  the  negative.  Query  2.  Would 
keepers  at  tem- ft  not  then  he  jmpr0per  to  adjuft  the  compenfation  balance  in 

peratures  be-  ‘  1  J  r 

tween  43°  and  frofty  weather  ? 

IOO°*  Query  3.  Would  it  not  be  better  to  adjuft  the  compenfation 

for  the  effe6ts  of  heat  and  cold  at  43°  for  the  greateft  degree 
of  cold,  and  at  96  or  100°  for  the  other  extreme  ? 

A  chronometer  adjufted  in  this  manner,  fhould  never  be 
expofed  to  a  greater  degree  of  cold  than  43.  This  may  be 
eafily  done  with  pocket  chronometers,  but  to  keep  the  oil 
from  freezing  in  box  time-keepers,  in  cold  climates,  more 
care  may  be  requisite. 

Oil  has  other  properties  which  ought  to  be  carefully  examined 
before  it  be  applied  to  time-keepers,  but  this  is  an  inquiry 
which  muft  be  left  until  fome  future  opportunity. 

I  am.  Sir, 

With  much  refpect. 

Your  humble  fervant, 

E.  WALKER. 


X. 


Letter  from  C.  Wilkinson,  Efq.  containing  Fads  upon  which 
Deductions  are  made  to  (hew  the  Law  of  Galvanijm  in  burn - 
ing  the  Metals,  according  to  the  Difpofition  of  equal  Surface s 
of  charged  Metallic  Plate. 

To  Mr.  NICHOLSON, 

SIR, 

If  the  following  obfervations  fliould  be  deemed  worthy  of 
infertion  iu  your  valuable  Journal,  I  fliall  take  the  liberty  of 
troubling  you  with  fome  further  remarks  hereafter. 

I  am.  Sir, 

Yours  refpe&fully, 

Soho  Square.  C.  WILKINSON. 


* 
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When  the  French  philofophers  had  afcertained  that  a  feries  Introduction, 
of  galvanic  plates  produced  e(Fe6ts  on  animal  fubffances  in  pro¬ 
portion  to  the  number  of  plates  employed,  without  any  regard 
to  the  lurfacc  of  each  plate,  they  concluded  from  their  ex¬ 
periments,  that  the  effects  of  a  galvanic  battery  on  metallic 
fubffances  are  in  proportion  to  the  fur  faces  of  the  plates  em¬ 
ployed.  I  have  lately  been  engaged  in  experiments  with  the 
mod  extenlive  galvanic  apparatus  hitherto  conftru&ed,  from 
which  fome  circumftances  have  occurred,  in  fome  refpects 
militating  with  the  deductions  of  the  French  philofophers. 

A  galvanic  trough  containing  one  hundred  fquare  plates  of  One  hundred 
four  inches  in  the  fide,  each  plate  formed  of  a  plate  of  zinc  ga^anic.  Plates 

riii  1  i  c  c  inches 

and  copper  loldered  together;  when  charged  with  a  folution  of  fqaare  burned 

nitrous  acid  and  water  in  the  proportion  of  about  25  parts Jialf  an  mchof 

water  to  one  of  acid,  exhibited  a  power  capable  of  igniting 

half  an  inch  of  fleel  wire  of  about  one  feventieth  of  an  inch 

in  diameter. 

When  two  fuch  troughs  were  combined  endvvile,  the  power  Ocher  troughs 
was  doubled,  and  when  four  were  thus  arranged,  the  quantity  butned  ^o  ^ 
of  wire  ignited  was  quadrupled  :  hence  I  afcertained  in  a  very  wire  in  propor- 
exteniive  arrangement,  that  the  power  is  invariably  in  propor- 
lion  to  the  number  of  plates  employed. 

A  galvanic  trough  confiding  of  fifty  fquare  plates  of  eight  A  trough  of 
inches  each  in  the  fide  was  charged  with  a  fimilar  prepared  (o-  ^ugce^^s 
lution,  and  this  arrangement  I  found  capable  of  igniting  fix-  power, 
teen  inches  of  the  lame  wire  as  was  employed  in  the  former 
«xperiment. 

When  two,  three,  and  four  troughs  of  the  fame  fize  were  —which  In- 
combined,  the  lengths  of  wire  ignited  proved  to  be  in  propor-  chafed  propor- 
tion  to  the  number  of  plates  employed;  lo  that  two  hundred  number, 
eight  inch  plates  ignited  more  than  five  feet  of  wire. 

Thefe  experiments  prove  that  the  powers  increafe  in  a  Examination  of 
greater  ratio  than  as  the  furfacesof  the  plates  employed.  For  ^a!e^n°thel~ 
four  hundred  plates  of  four  inches,  contain  an  equal  furface  with  power  of  larger 
one  hundred  plates  of  eight  inches;  and  the  former  will  only  PIates* 
ignite  two  inches  of  the  lame  wire,  of  which  the  latter  will 
ignite  thirty-two  inches. 

If  this  proportion  fiiould  be  obferved  in  experiments  with  By  equ.il  total 
plates  of  different  fize,  it  will  appear  that  the  powers  of  ig-  burned  is  as  the 
niting,  as  meafured  by  the  length  of  wire,  increafe,  in  batteries  fquare  of  the 
of  the  fame  total  lurfaqe,  as  the  fquares  of  the  furfaces  of  the^entary  fur* 
dementary  plates,  fingly  taken  in  each. 


A  plate 


90$ 

Reafoning  on 
the  fa£ts. 

Large  platrs 
throw  our  elec¬ 
tricity  more 
rapidly. 


The  ele&ricity 
is  thrown  out  by 
the  parts  under 
the  p roc efs  of 
oxidation. 


t 


—and  thus  by 
eledlrophoric 
adtion  produces 
a  negative  ftate 
on  the  unoxided 
furface. 


The  d’fcharge  is 
by  a  fucccfTion 
of  correipondcnt 
pairs  yf  plates, 
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A  plate  of  eight  inches  diameter  expofesa  (urface  four  times 
greater  than  a  plate  of  four  inches,  and  fuppofing  the  quanti¬ 
ties  ot  electricity  given  out,  to  be  in  proportion  to  the  fur/ace 
expofed  to  the  chemical  action  of  the  fluids,  the  intend ty  of  (or 
rapidity  of  evolution  from)  each  plate  of  an  eight  inch  trough 
may  be  eftimated  as  four  times  greater  than  the  intenfity  of 
eledricity  from  the  four  inch  plates;  but  the  power  of  ignition 
is  tixteen  times  greater. 

Upon  thefe  remarkable  circumftances  I  (hall  venture  to  fub- 
mit  to  you  a  few  conjectures. 

A  iimple  galvanic  combination  refemblcs  in  its  properties  a 
Leyden  phial,  that  tide  of  the  metallic  plate  which  undergoes 
the  greatefi  change  refembles  the  pofitive  fide  of  the  jar,  and 
the  other  tide,  the  negative,  there  being  no  other  difference 
between  electricity  and  galvanifm,  than  the  mode  in  which 
they  are  produced.  Electricity  which  appears  from  the  exci¬ 
tation  of  glals,  is  occationed  by  a  temporary  change  in  the 
capacity  of  the  glafs  for  electricity,  while  under  the  rubbing 
action,  being  momentarily  increafed;  while  galvanifm  is  in 
tome  refpeCts  the  reverie,  being  occationed  by  the  diminifhcd 
capacity  of  good  conducting  bodies,  when  expofed  to  certain 
chemical  changes.  Thus  metals  which  are  excellent  conduc¬ 
tors,  when  oxydated  become  non-conductors.  While  they 
undergo  this  change  a  portion  of  the  combined  eledtricitv  is 
evolved,  and  conlequently  in  the  part  thus  changing  pofitive 
figns  will  be  evinced. 

The  electricity  exifiing  in  an  unchanged  metal  being  per¬ 
fectly  quiefcent,  is  fubject,  when  difiurbed,  to  thofe  laws  to 
which  ail  material  fubftances  are  amenable;  namely  of  mov¬ 
ing  in  the  diredtion  where  it  meets  with  the  leafi  refi fiance. 
As  the  diredtion  of  the  electricity  is  from  the  fubfiance  of  the 
metal  towards  the  furlace  undergoing  the  chemical  change,  it 
imifi  follow  that  the  other  fide  of  the  metallic  plate  which  is 
defended  from  the  action  of  the  fluid  will  evince  negative  figns, 
while  the  fide  a died  upon  pofitive,  nearly  upon  the  fame  prin¬ 
ciples  as  thofe  ot  the  electraphams. 

In  effecting  a  difcharge  of  the  galvanic  battery,  the  circuit 
mufi  be  completed  between  the  zinc  and  copper  ends  of  the 
battery.  The  two  plates  nearefi  the  points  of  contact  are  firfi 
concluded;  thus  the  two  next,  and  to  on  in  fuccetlive  parts, 
each  plate  at  equal  difiances  from  the  points  of  contadt;  and 

4  the 
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the  Iaft  pair  which  is  unloaded,  are  the  two  plates  in  the  cen¬ 
tre  of  the  trough.  In  an  arrangement  of  only  50  or  60  plates.  — confequcntly 
the  rapidity  of  each  fuccefTive  difcharge  appears  to  be  fo  great  char^ of  equal 
as  not  to  admit  of  the  intervals  being  diftinguithed  by  our  fenfe  furl-aces  is  more 
of  feeling  ;  but  when  the  number  is  very  confiderable  the  len-  ” ^ ^ hTpUtes* 
lation  produced  is  jarring  and  tremulous,  fuch  as  we  may  con¬ 
ceive  would  arife  from  the  action  of  a  conftant  current  of  a 
fubtile  fluid. 

When  we  expofe  metallic  fubftances  to  the  galvanic  adtion,  — and  thequan- 
the  effects  produced  are  greater  from  a  large  furface  diffufed  ot  ele^Clty 
over  a  fmall  number  of  plates,  than  when  fpread  over  a  greater  in  the  wire  at 
number  of  plates;  if  we  fuppofe  800  particles  of  electricity  any  mfl:ant 

.r  1  ,  ......  .  .  time  is  greater. 

given  out  from  a  plate  of  eight  inches  m  diameter,  there  would 
only  be  200  particles  from  a  plate  of  four  inches  (fuppofing  the 
quantity  in  the  ratio  of  the  furfaces  expofed)  if  two  plates  be 
unloaded  at  once,  we  fhall  have  from  one  arrangement  1600 
particles  of  elediricity  determined  in  one  mafs,  and  from  the 
other  only  400;  from  the  former  we  have  a  rapid  commu¬ 
nication  of  a  quantity  of  elediricity  of  four  times  the  intenfity 
of  the  latter.  And  as  metallic  fubftances  nearly  tranfmit  the 
whole,  the  effedts  produced  are  found  to  be  as  the  fquares  of 
t^e  intenlities. 

I  am  now  conftrudting  a  battery  of  fifty  plates,  each  plate  A  battery  now 
of  which  will  be  two  feet  in  diameter.  If  the  above  circle  in  ^xPe^e(1 
fhould  hold  good,  the  extent  of  wire  that  will  be  ignited  will  ioo  feet  of  wire, 
be  very  confiderable.  A  battery  of  50  plates,  each  plate  eight 
inches  in  diameter,  ignites  16  inches  of  fteel  wire  of  one  feven- 
tieth  of  an  inch  in  diameter.  And  as  the  plates  I  am  now  pre-- 
paring  will  expofe  a  furface  nine  times  greater,  I  (hall  expedt 
that  1 6  x  9  x  9  zz  1296  inches,  or  10S  feet  of  wire  will  be  ig¬ 
nited  at  every  contact. 


Vol.  VII.— March,  1804.  P  XT.  Account 


210  CAUSE  OP  THE  CHANGES  OF  RELATIVE# 

XI. 

Account  of  the  Changes  that  have  happened,  during  the  laji  Twenty- 
five  Years,  in  the  relative  Situation  of  Double-Jlars ;  with  an 
Jnvejli^ation  of  the  Caufe  to  which  they  are  owing.  By  Wil¬ 
liam  Herschkl,  LL  D.  F.RS.  From  the  Philofophical 
TranfaSlions  for  1 803 . 

Read  June  9,  1803. 

General  obfer-  I  N  the  Remarks  on  the  Conftruction  of  the  Heavens,  con- 
theory*  of^the6  *-ained  in  my  laP  Paper  on  this  fubjeft,*  I  have  divided  the  va- 
heavenly  bodies,  rious  obje£ls  which  aPronomy  has  hitherto  brought  to  our  view, 
into  twelve  claries.  The  firP  comprehends  infulated  Pars. 

As  the  folar  fypem  prefents  us  with  all  the  particulars  that 
may  be  known,  refpefting  the  arrangement  of  the  various  fu- 
bordinate  celePial  bodies  that  are  under  the  influence  of  Pars 
which  I  have  called  infulated,  fuch  as  planets  arid  fatellites, 
aPeroids  and  comets,  I  fliall  here  fay  but  little  on  that  fubje6t. 
It  will,  howrever,  not  be  amifs  to  remark,  that  the  late  addition 
of  two  new  celePial  bodies,  has  undoubtedly  enlarged  our  know¬ 
ledge  of  the  conriru&ion  of  the  fyPem  of  infulated  Pars. 
Whatever  may  be  the  nature  of  thefe  two  new  bodies,  we  know 
that  they  move  in  regular  elliptical  orbits  round  the  fun.  It  is 
not  in  the  IcaP  material  whether  we  call  them  aPeroids,  as  I 
have  propofed ;  or  planetoids,  as  an  eminent  aPronomer,  in  a 
letter  tome,  fuggePed  ;  or  whether  we  admit  them  at  once  into 
the  clafs  of  our  old  feven  large  planets.  In  the  latter  cafe,  how¬ 
ever,  we  muP  recollect,  that  if  we  would  fpeak  with  precifion, 
they  fhould  be  called  very  Imall,  and  exzodical  ;  for,  the  great 
inclination  of  the  orbit  of  one  of  them  to  the  ecliptic,  amounting 
to  35  degrees,  is  certainly  remarkable.  That  of  the  other  is  alfo 
confiderable ;  its  latitude,  the  laP  time  I  faw  it,  being  more 
than  J5  degrees  north.  Thefe  circumPances,  added  to  their 
fmallnefs,  fhow  that  there  exiPs  a  greater  variety  of  arrange¬ 
ment  and  Pze  among  the  bodies  which  our  fun  holds  in  fubor- 
dination,  than  we  had  formerly  been  acquainted  with,  and  ex¬ 
tend  our  knowledge  of  the  conPruaion  of  the  folar,  or  infulated 
iidereal  fyPem.  It  will  not  be  required  that  I  fhould  add  any 

# 
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thing  farther  on  the  fubjed  of  this  fir  ft  article  of  my  claflifi-  General  obfer- 
cation  ;  I  may  therefore  immediately  go  to  the  fecond,  which  vatlons  °n^ht 
treats  of  binary  ftdereal  fyftems,  or  real  double  ftars.  heavenly  bodies.* 

We  have  already  fhewn  the  poftibility  that  two  ftars,  what- 
fbever  be  their  relative  magnitudes,  may  revolve,  either  in  circles 
or  ellipfes,  round  their  common  centre  of  gravity;  and  that, 
among  the  multitude  of  the  ftars  of  the  heavens,  there  fhould 
be  many  fufficiently  near  each  other  to  occafion  this  mutual 
revolution,  muft  alfo  appear  highly  probable.  But  neither  of 
thefe  confiderations  can  be  admitted  in  proof  of  the  actual  ex¬ 
igence  of  fuch  binary  combinations.  I  (hall  therefore  now 
proceed  to  give  an  account  of  a  feries  of  obfervations  on  double 
ftars,  comprehending  a  period  of  about  25  years,  which,  if  I  am 
not  miftaken,  will  go  to  prove,  that  many  of  them  are  not 
merely  double  in  appearance,  but  muft  be  allowed  to  be  real 
binary  combinations  of  two  ftars,  intimately  held  together  by 
the  bond  of  mutual  attraction. 

It  will  be  neceffary  to  enter  into  a  certain  theory,  by  which 
thefe  obfervations  ought  to  be  examined,  that  we  may  find  to 
what  caufe  we  fhould  attribute  fuch  changes  in  the  pofition,  or 
diftance,  of  double  ftars,  as  will  be  reported;  and,  in  order  to 
make  the  required  principles  very  clear,  I  fhall  give  them  in  a 
few  fliort  and  numbered  lentences,  that  they  may  be  referred 
to  hereafter. 

In  Plate.  X.  Fig  1 .  let  us  call  the  place  of  the  fun,  which  Theory  of  the 
may  alfo  be  taken  for  that  of  the  obferver,  O.  In  the  centre  of  °‘  th3 

an  orbit  or  plane  N  F  S  P  is  a  Geminorum  ;  and,  if  any  other 
ftar  is  to  be  examined,  we  have  only  to  exchange  the  letter  a 
for  that  by  which  fuch  double  ftar  is  known.  This  letter  is 
always  underftood  to  reprefent  the  largeft  of  the  two  ftars  which 
make  up  the  double  ftar ;  and  a  general  expreflion  for  its  fmaller 
companion  will  be  *.  N,  F,  S,  P,  reprefent  the  pofitions  of  the 
different  parts  of  the  heavens,  with  refped  to  north,  fol¬ 
lowing,  fouth,  and  preceding;  and  the  fmall  letters  n,  f,  s,p, 
ftand  for  the  fame  diredions  with  refped  to  O.  a?  a  P,  is  the 
angle  of  pofition  of  the  two  ftars  x  and  a,  with  the  parallel 

FP. 

As  the  motion  of  an  obferver  affeds  the  relative  fituation  of 
objeds,  we  have  three  bodies  to  confider,  in  our  inveftigation  of 
the  caufe  of  the  changes  which  will  be  pointed  out;  the  fun, 
the  large  ftar,  and  the  fmall  ftar,  or,  as  we  have  ftiortly  called 

p  2  them. 


I 
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them,  O,  »,  x.  This  admits  of  (hree  cafes  :  a  motion  ot  oneof^ 
the  three  bodies;  another,  of  two  ;  and  a  third,  of  all  the  three 
bodies  together.  We  flia.Il  now  point  out  the  confequences  that 
will  arife  in  each  of  the  cafes. 

Single  Motions. 

No.  i.  Motion  of  x.  When  a  and  O  are  at  reft,  the  motion 
of  x  may  be  allumed,  fo  as  perfe&ly  to  explain  any  change  of 
the  diftance  ot  the  (wo  liars,  and  of  their  angle  of  pofttion. 

No.  2.  Motion  of  a.  When  x  and  O  areat  reft,  and  alias  a 
motion,  either  towards  P,  N,  F,  or  S,  then  the  effect  of  it, 
whatever  may  be  the  angle  P  a  O,  will  be  had  by  entering  Uia 
following  Table,  with  the  direction  of  the  given  motion. 


Motion. 

Diftance. 

Angle. 

1 

Quadrants. 

I  «P 

+ 

+ 

» 

1  ft  and  4th 

2  -  3 

ccl< 

— 

1  4 

— 

2 - 3 

- - 

— - 

1 - 2 

-L 

i 

+ 

3 - 4 

aS 

1 

+  ! 

+ 

I  2 

( 

• 

3  4 

No,.).  Motion  of  O.  Ill  cafe.  When  a  and  x  are  at  reft,  and 
the  angle  P  a  O  is  90  degrees,  a  proper  motion  of  O,  towards 
citlx  r  p,J,  n,  or  s,  which  will  be  extremely  fmall  when  com- 
pareu  with  the  diftance  ol  O  from  a,  can  have  no  effeCi  on  the 
apparent  difiance,  or  angle  of  polition,  of  the  two  fiars ;  and 
therefore  no  other  motion,  compofed  of  the  directions  we  have 

mentioned,  will  induce  a  change  in  the  comparative  fituation  of 
«  and  x. 

~(1  ca^L‘*  ^  ^ien  *,l)e  plane  P  N  F  S  is  oblique  to  the  ray  O, 
ar.d  the  angle  P  a  O  more  than  90  degrees,  the  efteft  of  !h« 
motion  of  O  will  be  had  by  the  following  Table. 


.  1 

Motion 
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Motion. 

Diftance. 

Angle. 

\ 

Quadrants. 

Op 

1 

+ 

’  — 

ill  and  2d  j 
3  4 

Of 

+ 

l  l 

I  i 

— .  CO 

j 

O  n 

+ 

+ 

1 - 3 

* 

2 - 4 

Os 

— 

— 

1 - 3 

+ 

2 - 4 
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3d  cafe.  When  the  angle  P  «  O  is  lefs  than  90  degrees,  the 
following  Table  muft  be  ufed. 

V  7 


Motion. 

Di  dance. 

Angle. 

Quadrants. 

i 

O  p 

i 

— , 

+ 

lft  and  2d 

3 - 4 

0/ 

+ 

— 

0»  rji 

r— 

! 

>  O  n 

+ 

4- 

1  - 3 

2  - 4 

!  o  j 

i 

+ 

+ 1 

1  - 3 

2  - 4 

Double  Motions . 

No.  4.  If  we  admit  different  motions  in  two  of  our  three 
bodies,  and  if  the  ratio  of  the  velocities,  the  dire£tions  of  the 
motions,  and  the  ratio  of  the  diftances  of  the  bodies  be  given 
quantities,  a  iuppofition  in  which  we  admit  their  concurrence, 
may  explain  the  phenomena  of  a  double  Par,  but  can  never  be 
probable 

Motions  of  the  three  Bodies. 

No.  5.  If  we  admit  different  motions  in  every  one  of  the 
three  bodies,  O  »,  x ,  and  if  tjie  velocities  and  directions  of  the 

motions. 
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motions,  as  well  as  the  relative  difiances  of  the  three  bodies  are 
determined,  an  hypothecs  which  admits  the  exigence  of  fuch 
motions  and  fituations,  may  refolve  the  phenomena  of  a  double 
liar,  but  cannot  have  any  pretenfion  to  probability. 

The  compafs  of  this  Paper  will  not  allow  me  to  give  the  ob¬ 
fervations  of  my  double  Pars  at  full  length ;  I  fhall  therefore, 
in  the  examination  of  every  one  of  them,  only  Pate  thofe  parti¬ 
culars  which  will  be  required  for  the  purpofe  of  invePigating 
the  caufe  of  the  changes  that  have  taken  place,  either  in  the 
diPance,  or  angle  of  pofition,  of  the  two  Pars  of  which  the 
double  Par  iscoinpofed. 

As  the  arguments  in  the  cafe  of  moP  of  thefe  Pars  will  b6 
nearly  the  fame,  it  may  be  expedted,  that  the  firfi  two  or  three 
which  are  to  be  examined  will  take  up  a  confiderable  fpace, 
and  the  number  of  double  Pars,  in  which  I  have  already  afeer- 
tained  a  change,  amounting  to  more  than  fifty,  it  will  not  be 
poffible  to  give  them  all  in  one  paper ;  I  fhali  therefore  confine 
the  prefent  one  to  a  moderate  length,  and  leave  it  open  for  a 
continuation  at  a  future  opportunity. 

a,  Geminorum . 

from  my  earliefi  obfervations  on  the  difiance  of  the  (wo  Pars 
which  make  up  the  double  Par  in  the  head  of  Cafior,  given  in 
the  firfi  of  my  catalogues  of  double  Pars,  we  find,  that  about  23 
years  and  a  half  ago,  they  were  nearly  two  diameters  of  the 
large  Par  afunder.  Thefe  obfervations  have  been  regularly 
continued,  from  the  year  1778  to  the  prefent  time,  and  no  al¬ 
teration  in  the  diPaneehas  been  perceived  :  the  Pars  are  now 
Pill  nearly  twro  diameters  of  the  large  one  afunder. 

It  w  ill  be  necefiary  to  enter  a  little  into  the  practicability  of 
appertaining  difiances  by  a  method  of  ePimation  apparently  fo 
little  capable  of  preciPon.  From  a  number  of  obfervations  and 
experiments  I  have  made  on  the  fubjedt,  it  is  certain  that  the 
apparent  diameter  of  a  Par,  in  a  refledting  telefcope,  depends 
chiefly  upon  the  four  following  circumfiances  :  the  aperture  of 
the  mirror  with  refpeft  to  its  focal  length  ;  the  diPindlnefs  of  the 
mirror;  the  magnifying  power  ;  and  the  Pate  of  the  almofphere 
at  the  time  ©f  obfervation.  By  a  contraction  of  the  aperture 
we  can  increafe  the  apparent  diameter  of  a  Par,,  fo  as  to  make 
it  refemble  a  fmall  planetary  dilk.  If  difiindtnefs  ftiould  be 
wanting,  it  is  evident  that  the  image  of  objedis  will  not  be  fliarp 

and 
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and  well  defined,  and  that  they  will  consequently  appear  larger  Obfervationsani 
than  they  ought.  The  effect  of  magnifying  power  is,  to  occafion  fpedtinj^the 
a  relative  increafe  of  the  vacancy  between  two  ftars  that  are  changes  of  re- 
very  near  each  other  ;  but  the  ratio  of  the  increafe  of  the  dif-  jnrtarfextreme- 
tance  is  not  proportional  to  that  of  the  power,  and  fooner  or  ly  near  each 
later  comes  to  a  maximum.  The  ftate  of  the  atmofphere  is  per-other* 
haps  the  moft  material  of  the  four  conditions,  as  we  have  it  not 
in  our  power  to  alter  it.  The  effefts  of  moifture,  damp  air,  and 
hazinefs,  (which  have  been  related  in  a  paper  where  the  caufes 
that  often  prevent  the  proper  a<5tion  of  mirrors  were  dif- 
cuffed,)  {how  the  reafon  why  the  apparent  diftance  of  a  double 
ftar  fhould  be  affected  by  a  change  in  the  atmofphere.  The 
alteration  in  the  diameter  of  Arcturus,  extending  from  the  fir-fl 
to  the  laft  of  the  ten  images  of  that  ftar,  in  the  plate  accompany¬ 
ing  the  above-mentioned  paper,*  thows  a  fuffieient  caufe  for  an 
increafe  of  the  diftance  of  two  ftars,  by  a  contraction  of  their 
apparent  difks.  A  fkilful  obferver,  however,  will  foon  know 
what  ftate  of  the  air  is  moft  proper  for  eftimations  of  this  kind. 

I  have  occaftonally  feen  the  two  ftars  of  Caftor,  from  if  to  2 
and  2§  diameters  afunder  ;  but,  in  a  regular  fettled  temperature 
and  clear  air,  their  diftance  was  always  the  fame.  The  other 
three  caufes  which  aflfe6t  thefe  eftimations,  are  at  our  own  dif- 
pofal  ;  an  inflance  of  this  will  be  feen  in  the  following  trial.  I 
took  ten  different  mirrors  of  feven  feet  focal  length,  each  hav¬ 
ing  an  aperture  of  6,3  inches,  and  being  charged  with  an  eye- 
glafs  which  gave  the  telefcope  a  magnifying  power  of  460. 

With  thefe  mirrors,  one  after  another,  the  fame  evening  I 
viewed  the  two  ftars  of  our  double  ftar ;  and  the  refult  was, 
that  with  every  one  of  them,  the  ftars  were  precifely  at  an  equal 
diftance  from  each  other.  Thefe  miirors  were  all  fufficiently 
good  to  ffiow  minute  double  ftars  well;  and  fuch  a  trial  will 
confequently  furnifh  us  with  a  proper  criterion,  by  which  we 
may  afcertain  the  goodnefs  of  our  telefcope,  and  the  clearnefs 
of  the  atmofphere  required  for  thete  obfervations.  To  thole 
who  have  not  been  long  in  the  habit  of  obferving  double  ftars, 
it  will  be  neceffary  to  mention,  that,  when  firft  feen,  they  will 
appear  nearer  together  than  after  a  certain  time;  nor  is  it  fo 
foon  as  might  be  expected,  that  we  fee  .them  at  their  greateft 


*  See  Phil.  Tranf.  for  1803,  page  232,  Plate  III. 
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Obfervatien*  and  diltance.  I  have  known  it  to  take  up  two  or  three  months, 
before  the  eye  was  diffidently  acquainted  with  the  objeft,  to 
changes  of  re-  judge  with  the  requidte  prccilion. 

lative  tituation  Whatever  may  be  the  difficulties  or  uncertainties,  attending 
in  {tars  extreme-  ,  ..  f  ir/i  u 

Jy  near  each  the  method  of  determining  the  diltance  or  two  dole  ltars  by 

an  edimation  of  the  apparent  diameter,  it  mud  however  be  con- 
felled,  that  we  have  no  other  way  of  obtaining  the  fame  end 
with  fo  much  precilion.  Our  prefent  in  dance  of  <*  Geminorum, 
will  (how  the  degree  of  accuracy  of  which  fuch  edimations  are 
,  capable,  and  at  the  fame  time  prove,  that  the  purpofe  for  which 
I  (hall  ufe  the  edimated  interval  between  the  two  ftars  will  be 
diffidently  anfwered.  By  an  obfervation  of  the  10th  of  May, 
1781,  we  have  the  diameter  of  the  larged  of  the  two  dars  to 
that  of  the  lmalled  as  6  to  5  ;  and  according  to  feveral  mea- 
fures  I  have  taken  with  the  micrometer,  we  may  admit  their 
diltance,  diameters  included,  to  be  dve  feconds.  Then,  as  the 
vacancy  between  the  two  dars  is  nearly,  but  not  quite  two  dia¬ 
meters  of  the  large  one,  I  (hall  value  it  at  ]|-.  From  this  we 
calculate,  that  the  diameter  of  the  large  dar,  under  the  circum- 
dances  of  our  edimation,  is  nearly  1  ',35:  fo  that  an  error  of 
one  quarter  of  fuch  a  diameter,  which  is  the  mod  we  can  admit, 
will  not  exceed  Ov,34.  Ts'  or  is  it  of  much  confequence,  if  the 
meafure  of  5"  diould  not  be  extremely  corredt;  as  a  fmall 
midake  in  that  quantity  will  not  materially  affect  the  error  of 
cdiniaiioii  by  the  diameter,  which,  from  what  has  been  faid,  if 
the  meafure  was  faulty  to  a  fecond,  would  not  amount  to  more 
than  one-fifteenth  part  of  it. 

Having  thus  afeertained  that  no  perceptible  change  in  the 
didance  of  the  dars  has  taken  place,  we  are  now  to  examine 
the  angle  of  podtion.  In  the  year  177  9,  it  was  32°  47 7  north 
preceding;  and,  by  a  mean  of  the  three  lad  meafures  I  have 
taken,  it  is  now  only  10°  53'.  In  the  fpace  of  about  23  years 
and  a  hail,  therefore,  the  angle  of  podtion  has  manifedly  under¬ 
gone  a  diminution,  of  no  Id's  than  21°  34' ;  and,  that  this  change 
has  been  brought  on  by  a  regular  and  gradual  decreafe  of  the 
angle,  vvi»l  be  leen  when  the  red  of  the  meafures  come  to  be 
examined. 

i  he  accuracy  ol  the  micrometer  which  has  been  ufed,  when 
the  angles  of  podtion  were  taken,  being  of  the  utmoft  im¬ 
portance,  it  becomes  necclfary  to  afeertain  how  far  it  will  be 
iafe  to  rely  on  the  refult  of  the  meafures.  It  might  be  eadly 

fliown 
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lliown  (hat,  in  the  day  time,  a  given  angle,  delineated  on  a  card, 
and  ft  nek  up  at  a  convenient  di  fiance,  may  be  full  as  accurately 
tnealured  by  a  tclefcope  furnilhed  with  this  micrometer,  as  it 
can  be  done  by  any  know  n  method,  when  the  card  is  laid  on  a 
table  before  us;  but  this  would  not  anfwer  my  purpofe.  For, 
objects  in  motion,  like  the  ftars,  efpecially  when  at  a  difiance 
from  the  pole,  cannot  be  meafured  with  fuch  fleadinefs  as  thofe 
which  are  near  us,  and  at  reft.  The  method  of  illuminating; 
the  wires,  and  other  circumftances,  w-ill  likewife  aftetl  the 
accuracy  of  the  angles  that  are  meafured,  elpecially  when  the 
•diftance  of  the  ftars  is  very  fmall.  I  (hall  therefore  have  re- 
courfe  to  aftronomical  obfervations,  in  order  to  fee  what  the 
micrometer  has  actually  done. 

January  22,  1802.  The  pofition  of  A  Orionis  was  taken. 
1ft  meafure,  5 2°  38' fouth  preceding;  2d  meafure,  54Q  IT. 
Mean  of  the  two  meafures,  53°  26'.  Deviation  of  the  mca* 
fures  from  the  mean,  48 '. 

March  4,  1802.  1 1  Monocerotis.  1  ft  meafure,  28°  18'  fouth 
following;  2d  meafure,  26°  49'.  Mean  of  the  two,  27°  34'. 
Deviation  from  the  mean,  45'. 

February  9,  1803.  #  Geminorum.  lft  meafure,  6°  11/ 

north  preceding ;  2d  meafure,  4°  4S'.  Mean  of  the  two, 
5°  29'.  Deviation  from  the  mean,  41'. 

,  September  6,  1S02.  n  Coronas,  lft  meafure,  89°  42' 
north  following  ;  2d  meafure,  89°  3S'.  Mean  of  the  two, 
89°  40'.  Deviation  from  the  mean,  2'. 

When  thefe  obfervations  are  confidered,  we  fhall  not  err 
much  if  we  admit  that,  in  favourable  circumftances,  and  with 
proper  care,  the  micrometer,  by  a  mean  of  two  meafures,  will 
give  the  pofition  of  a  double  ftar  true  to  nearly  one  degree; 
but,  as  the  opportunities  of  taking  very  accurate  meafures  are 
fcarce,  it  will  be  necelfary  to  have  recourfe  to  fome  more  dif- 
cordant  obfervations. 

February  18,  1803.  /3  Orionis.  lft  meafure,  72°  08 

fouth  preceding;  2d  meafure,  67 Q  24'.  Mean  of  the  two, 
70°  II'.  Deviation  from  the  mean,  2‘*>  47'. 

But  a  memorandum  to  the  observation  fays,  that  the  even¬ 
ing  was  not  favourable.  We  may  therefore  admit,  that  in  th® 
w  ord:  circumftances  which  can  be  judged  proper  for  meafur- 
ing  at  all,  an  error  in  the  angle  of  pofition  by  twro  meafures 
will  not  amount  to  three  degrees. 
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It  will  be  remarked,  when  we  come  to  compare  fingle 
meafures  which  have  been  taken  on  different  nights,  that  they 
are  fomewhat  more  difcordant;  bat  I  have  not  ventured  to 
rejedt  them  on  that  account,  except  in  cafes  where  it  was 
pretty  evident  that  foine  mifiake  in  reading  off,  or  other  ac¬ 
cident  to  which  all  agronomical  observations  are  liable,  was 
to  be  apprehended.  Nor  can  fuch  difagreements  materially 
affeft  the  conclufions  I  have  drawn,  when  it  appears  that  the 
deviations  happen  lometimes  to  be  on  one  fide,  and  fometimes 
on  the  other  fide,  of  the  true  angle  of  pofition.  For,  fince 
that  angle  is  not  a  thing  that  will  change  in  the  courfe  of  a 
few  nights,  the  excefs  of  one  meafure  will  ferve  to  corredt  the 
defedt  of  another ;  and  we  are  not  to  think  it  extraordinary, 
when  fiars  are  fo  near  together,  and  their  motion  through  the 
field  of  view  (in  confequence  of  the  high  magnifying  power 
we  are  obliged  to  ufe)  fo  quick,  that  we  fhould  now  and  then 
even  fall  fhort  of  that  general  accuracy  which  may  be  had  by 
a  careful  ufe  of  the  micrometer. 

I  {hall  now  enter  into  an  examination  of  the  caufe  of  the 
change  in  the  angle  of  pofition  of  the  fmall  ftar  near  Cafior, 

A  revolving  fiar,  it  is  evident,  would  explain  in  a  moll 
fatisfattory  manner,  a  continual  change  in  the  angle  of  pofition, 
without  an  alteration  of  the  difiance.  But  this,  being  a  cir- 
cumfiance  of  which  we  have  no  precedent,  ought  not  to  be 
admitted  without  the  fulleff  evidence.  It  will  therefore  be 
right  to  examine,  whether  the  related  phenomena  cannot  be 
fatisfadiorily  explained  by  the  proper  motions  of  the  ftars,  or 
of  the  fun. 

Single  Motions. 

(a)  The  three  bodies  we  have  to  confider,  are  O,  a,  and  a:; 
and,  fuppoiing  them  to  be  placed  as  they  were  obferved  to  be 
in  the  year  1779;  the  angle  x  a  P,  in  Fig.  1,  w  ill  be  32?  47' 
north  preceding.  We  are  at  liberty  to  let  the  angle  PaO  be 
what  will  befi  anfwer  the  purpofe.  Then,  in  order  to  examine 
the  various  hypothefes  that  may  be  formed,  according  to  the 
arrangement  of  the  principles  we  hcive  given,  we  fiiall  begin 
with  No.  1;  and,  as  this  admits  that  all  phenomena  may  be 
refolved  by  a  proper  motion  of  x,  let  us  fuppofe  this  fiar  to  be 
placed  any  where  far  beyond  «•,  but  fo  as  to  have  been  feen,  in 
the  year  1779,  where  the  angle  of  pofition,  32°  47'  north  pre¬ 
ceding 
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ceding,  and  the  obferved  didance,  near  2  diameters  of  the  large  Obfervation* 
dar,  required  it.  With  a  proper  velocity,  let  it  be  in  motion  rcfped/fng^he 
towards  the  place  where  it  may  now  be  feen  at  the  fame  dif-  changes  of  re- 
tance  from  Cador,  but  under  an  angle  of  pofition  only  10°  53'  .!<iriave  fituatlon 
north  preceding.  It  may  then  be  admitted,  that  a  fmall  decreafe  ]y  near  each 
of  the  didance  which  would  happen  at  the  time  when  the  angle  ot*ies* 
of  potition  wTas  21°  50',  could  not  have  been  perceived;  fo  that 
the  gradual  change  in  the  oblerved  angle  of  pofition,  as  well  as 
the  equality  of  the  didance  of  the  two  dars,  will  be  fufficiently 
accounted  for.  But  the  admiflion  of  this  hypothefis  requires, 
that  a-  Geminorum  and  the  folar  fyftem  fhould  be  at  red;  and, 
by  the  obfervations  of  adronomers,  which  I  diall  foon  have 
occadon  to  mention,  neither  of  thefe  conditions  can  be  con¬ 
ceded. 

(b)  If,  according  to  No.  2,  we  admit  the  motion  of  a,  we 
fhall  certainly  be  more  conddent  with  the  obfervations  which 
adronomers  have  made  on  the  proper  motion  of  this  dar  *  ;  and, 
as  a  motion  of  the  folar  fydem,  which  I  diall  have  occadon  to 
mention  hereafter,  has  not  been  rigidly  proved,  it  may,  for  the 
fake  of  argument,  be  fetadde  ;  nor  has  a  proper  motion  of  the 
dar  x  been  any  where  afeertained.  The  retrograde  annual 
proper  motion  of  Cador,  in  right  afeendon,  according  to  Dr. 

Mafkelyne,  is  (y',105.  This,  in  about  23|  years,  during  which 
time  I  have  taken  notice  of  the  angle  of  pofition  and  didance 
of  the  fmall  dar,  will  amount  to  a  change  of  nearly  2", 47. 

Then,  if  we  enter  the  diort  Table  I  have  given  in  No.  2,  with 
the  motion  aP,  we  dnd,  that  in  the  did  quadrant,  where  the 
fmall  dar  is  placed,  the  diftance  between  the  two  dars  will  be 
diminidied,  and  the  angle  of  pofition  increafed.  But  dnee  it 
appears,  by  my  obfervations,  that  the  didance  of  the  dars  is 
not  lefs  now  than  it  was  in  1780;  and  that,  indead  of  an  in- 
creafe  in  the  angle  of  pofition,  it  has  actually  undergone  a 
diminution  of  nearly  22  degrees;  it  follows,  that  the  motion 
of  a-  Geminorum  in  right  afeendon,  will  not  explain  the 
obferved  alterations  in  the  dtuation  of  this  double  dar.  If, 

r  *  See  Tobiae  Mayeri  Opera  uiedita.  De  motu  Jixarum  proprio , 
page  80.  Alfo  Dr.  Maskelyne’s  drft  Volume  of  Obtervations.  Ex¬ 
planation  and  Ufe  of  the  Tables,  p.  iv.  Or  Mr.  Wolladon’s  Af- 
tronomical  Catalogue,  end  of  the  Preface.  Likewife  Connoijfance  des 
Temps  pour  VAnnee  VI.  p.  203.  Sur  le  Mounjement  particular  pro- 
pre  a  dijferentes  Etoilesj  par  Mons,  De  la  Lande. 

according 
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according  to  Mr.  De  la  Lande’s  account* * * §,  vve  fliould  alto 
confider  the  annual  proper  motion  of  a  in  declination,  which 
is  given  0V,12  towards  the  north,  we  fhall  find,  by  entering 
our  Table  with  the  motion  «N,  amounting  to  2  8*2,  that  the 
difiancc  of  tile  two  liars  will  be  ft i 1 1  more  diminifhed  ;  but 
that,  on  the  contrary,  the  an^le  of  pofition  will  be  much 
lellened  ;  and,  by  combining  the  two  motions  together,  the 
apparent  difks  of  the  two  fitars  fliould  now  be  a  little  more 
than  onc-tenth  of  a  fecond  from  each  other,  and  the  angle  of 
pofition  .3.5  degrees  fouth  preceding.  But,  fince  neither  of 
thefe  effects  have  taken  place,  the  hypothecs  cannot  be  ad¬ 
mitted. 

(c)  That  the  fun  has  a  proper  motion  in  fpace,  I  have  fliown 
with  a  very  high  degree  of  evidence,  in  a  paper  which  was 
read  at  the  Royal  Society  about  twenty  years  ago  f.  The  fame 
opinion  was  before,  but  only  from  theoretical  principles, 
hinted  at  by  Mr.  De  la  Lande,  and  alfo  by  the  late  Dr.  Wilfon, 
of  GlafgOwJ;  and  lias,  fince  the  publication  of  my  paper, 
been  taken  up  by  feveral  afironomers^,  who  agree  that  (uch 
motion  exifis.  In  cpnfccjiience  of  this,  let  us  now,  according 
to  No.  3.  aflign  to  the  fun  a  motion  in  fpace,  of  a  certain 
velocity  and  direction.  Admitting  therefore  a.  and  .r  to  be  at 
reft,  let  the  angle  PaO  be  90  degrees;  then,  by  the  111  cafe 
of  No.  3,  we  find  (hat  none  of  the  obferved  changes  of  the 
angles  of  pofition  will  admit  of  an  explanation.  There  is 
moreover  an  evident  conceffion  of  the  point  in  queflion,  in 
the  very  (up pofition  of  the  above  angle  of  90  degrees;  for,  if 
x  be  at  the  fame  dillance  as  a  from  the  fun,  and  no  more  than 
5"  from  that  liar,  its  real  dillance,  compared  to  that  of  the  fun 
from  the  fiar,  will  be  known;  and,  fince  that  muff  be  Iefs 
than  the  40  thoufandth  part  of  our  difiance  from  Cafior, 
thele  two  ftars  rauft  neceflarily  be  within  the  reach  of  eacli 
others  altradlion,  and  form  a  binary  fyfiem. 

( d)  Let  us  now  take  the  advantage  held  out  by  the  2d  cafe 
of  No.  3,  which  allows  us  to  place  x  far  behind  a  ;  in  which 

*  See  page  211  of  the  treatife  before  referred  to. 

f  Philof.  Tranf.  vol.  lxxiii.  p.  247. 

t  See  my  note  in  Phil.  Tranf.  vol.  lxxiii.  p.  283. 

§  See  Afronomijbes  Jabrbucb  fur  das  Jakr  1786  j  feite  259. 

Uber  die  foriruckung  unferes  Sotinen-Syjiems,  •von  Herrn  Profear 

Prevoft.  Und  fur  das  Jab r  1805;  feite  113, 
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(lunation,  the  angle  PaO  will  be  more  than  90  degrees.  The  Observations 
^ ar  *r  being  lefs  than  x,  renders  this  hypothefis  the  more  the 

plaufible.  Now,  as  a  motion  of  Caftor,  be  it  real  or  apparent,  changes ot  re- 
has  actually  been  afeertained,  we  cannot  fet  it  afide  ;  the  real  *"ltuatlon 
motion  or  O,  therefore,  in  order  to  account  for  the  apparent  one  ly  near  each 
ot  a,  muft  be  ot  equal  velocity,  and  in  a  contrary  direction  :ot^er* 
that  is,  when  decompofed.  O'',  105  towards/,  and  0'',  12,  to¬ 
wards  s.  The  eftedt  of  the  fun's  moving  from  O  towards/, 
according  to  the  1  ft  Table  in  No.  3,  is,  that  the  diftance  be¬ 
tween  the  two  Itars  will  be  diminithed,  and  the  angle  of  por¬ 
tion  increafed.  But  thefe  are  both  Contrary  to  the  observa¬ 
tions  I  have  given.  The  motion  of  O  in  declination  towards 
s,  according  to  the  fame  Table,  will  ftill  diminifh  the  diftance 
of  the  two  Pars,  but  will  alfo  diminith  the  angle  of  pofition. 

Then,  fi  nee  a  motion  in  right  afeenfion  increafes  the  angle, 
while  that  in  declination  diminifhes  it,  the  fmall  flar  may  be 
placed  at  fuch  a  diftance  that  the  difference  in  the  parallax, 
arifing  from  the  folar  motion,  (hall  bring  the  angle  of  pofition, 
in  2 3|  years,  from  32°  47'  to  10°  53' ;  which  will  explain  the 
obferved  change  of  that  angle.  The  diftance  of  the  ftar  x, 
for  this  purpofe,  muft  be  above  2f  times  as  much  as  that  of 
«  from  us.  But,  after  having  in  this  manner  accounted  for 
the  alteration  of  the  angle  of  pofition,  we  are,  in  the  next 
place,  to  examine  the  effedt  which  fuch  a  difference  of  parallax 
muft  produce  in  the  apparent  diftance  of  the  two  ftars  from 
each  other.  By  a  graphical  method,  wrhich  is  q*;ite  fufficient 
for  our  purpofe,  it  appears,  that  the  union  of  the  two  motions 
in  right  afeenfion  and  declination,  muft  have  brought  the 
two  ftars  fo  near,  as  to  be  only  about  half  a  diameter  of  the 
large  ftar  from  each  other ;  or,  to  exprefs  the  fame  in  mea- 
fures,  the  centers  of  the  ftars  muft  now  be  1/8  nearer  than 
they  were  23£  years  ago..  But  this  my  obfervations  cannot 
allow;  for  we  have  already  fhovvn,  that  any  change  of  more 
than  3  or  4-tenths  of  a  fecond  muft  have  been  perceived. 

If,  on  tire  other  hand,  we  place  the  ftarx  at  (uch  a  diftance 
that  the  folar  parallax  may  only  bring  it  about  4-tenths  of  a 
fecond  nearer  to  a,  vvhich  is  a  quantity  we  may  iuppofe  to 
have  efcaped  our  notice  in  eftimating  the  apparent  diftance  of 
the  two  ftars,  then  will  the  angle  of  potition  be  above  20 
degrees  too  large.  This  (bows,  that  no  diftance,  beyond  Caftor, 
at  vvhich  we  can  place  the  ftar,  will  explain  the  given  obferva¬ 
tions.  * 

^  Of 
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(c)  The  lad  remaining  trial  we  have  to  examine,  is  to  fup- 
polextobe  nearer  than  a;  the  angle  PaO,  will  then  be  lefs 
than  90  degrees  ;  and  the  effect  of  a  motion  of  O  towards/, 
by  the  2d  Table  in  No.  3,  will  be  an  increafe  of  the  diftance 
of  the  two  ftars,  and  a  diminution  of  their  angle  of  pofition. 
But  the  motion  Os,  which  is  alfo  to  be  confidered,  will  add  to 
the  increafe  of  the  diftance  and  counteract  the  diminution  of 
the  angle.  It  is  therefore  to  be  examined,  whether  fuch  an 
increafe  of  diftance  as  we  can  allow  to  have  efcaped  obferva- 
tion,  will  explain  the  change  which  we  know  to  have  hap¬ 
pened  in  the  angle,  during  the  laft  23f  year.  By  the  fame 
method  of  compounding  the  two  motions  as  before,  it  imme¬ 
diately  appears,  than  we  cannot  place  the  fmall  ftar  more  than 
about  1 -tenth  of  the  diftance  0«  on  the  fide  of  Caftor,  with¬ 
out  occafioning  fuch  an  increafe  of  the  apparent  diftance  of 
the  two  ftars  as  cannot  poffibly  be  admitted;  and  that,  even 
then,  the  angle  of  pofition,  inftead  of  being  lefs,  will  be  a 
few  degrees  larger,  at  the  end  of  23f-  years,  than  it  was  at 
the  beginning.  This  hypothefis,  therefore,  like  all  the  fore¬ 
going  ones,  muft  alfo  be  given  up,  as  inconftftent  with  my 
obfervations. 

It  is  moreover  evident,  that  the  obfervations  of  aftronomers 
©n  the  proper  motion  of  the  ftars  in  general,  will  not  permit 
us  to  aflame  the  folar  motion  at  pleafure,  merely  for  the  fake  of 
accounting  for  the  changes  which  have  happened  in  the  ap¬ 
pearances  of  a  double  ftar.  The  proper  motion  of  Caftor, 
therefore,  cannot  be  intirely  afcribed  to  a  contrary  motion  of 
the  fun.  For  we  can  aflign  no  reafon  why  the  proper  motion 
of  this  ftar  alone,  in  preference,  for  inftance,  to  that  of  Arc- 
turus,  of  Sirius,  and  of  many  others,  thould  be  fuppofed  to 
arife  from  a  motion  of  the  folar  fyftem.  Now,  if  they  are  all 
equally  intilled  to  partake  of  this  motion,  we  can  only  admit 
it  in  fuch  a  direction,  and  of  fuch  a  velocity,  as  will  fatisfy 
mean  dire6tion  and  velocity  of  the  general  proper  motions  of 
the  ftars ;  and  place  all  deviations  to  the  account  of  a  real 
proper  motion  in  each  ftar  leparately. 

Double  Motion. 

(/)  In  order  to  explain  the  phenomena  of  our  double  ftar, 
according  to  No.  4,  by  the  motion  of  two  bodies,  lor  inftance 
«  and  x,  it  w  ill  be  required  that  they  both  Qiould  move  in  given 

4  directions  $ 
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directions;  that  the  velocities  of  their  motions  fhould  be  in  a  Obfcrvations 
given  ratio  to  each  other  ;  and  that  this  ratio  (hould  be  com-  and  inference* 
pounded  with  the  ratio  of  their  diftances  from  O  ;  a  fuppofi-  change^of dela¬ 
tion  which  mud  certainly  be  highly  improbable.  To  fhew  this  dve  fituation  ia 
with  fufhcient  evidence,  let  us  admit  that,  according. to  the  eacTothir. 
bed  authorities,  the  annual  proper  motion  of  Cador  is — 0",  105 
in  right  afcenfion,  and  0",12  in  declination  towards  the 
north.  Then,  as  the  fmall  dar,  without  changing  its  didance, 
has  moved  through  an  angle  of  21°  54',  the  only  difference  in 
the  two  motions  of  thefe  dars,  will  be  expreffed  by  the  extent 
of  the  chord  of  that  angle.  To  produce  the  required  effect, 
it  is  therefore  neceffary  that  the  motion  of  a,  w'hich  is  given,  „ 
fliould  regulate  that  of  the  fmall  dar,  vvhofe  relative  place  at 
the  end  of  23^  years  is  alfo  given.  Then,  as  a  moves  in  an¬ 
gle  of  53°  31'  north  preceding,  and  with  a  velocity  which, 
being  expreffed  by  the  fpace  it  would  defcribe  in  23*  years, 
will  be  3",5 1 ,  it  is  required  that  x  (hall  move  in  an  angle  of 
29°  25',  likewife  north  preceding,  and  with  a  velocity  of 
3",02.  The  ratio  of  the  velocities,  therefore,  and  the  direc¬ 
tions  of  the  motions,  are  equally  given.  But  this  will  not  be 
fufficient  for  the  purpofe  :  their  didance  from  O  mtid  alfo  be 
taken  into  confideration.  It  has  been  fhown,  that  the  two- 
dars  cannot  be  at  an  equal  didance  from  us,  without  an  evi¬ 
dent  connection  ;  it  will  therefore  be  neceffary  for  thofe  who 
will  not  allow  this  connection,  to  place  one  of  them  nearer  to 
us  than  the  other.  But,  as  the  motions  which  have  been  af¬ 
firmed,  when  feen  from  different  didances,  will  fubtend  lines 
whofe  apparent  magnitudes  will  be  in  the  inverfe  ratio  of  the 
aflumed  didances,  it  is  evident  that  this  ratio,  if  the  motions 
are  given,  mud  alfo  be  a  given  one;  or  that,  if  the  diflances 
be  affumed,  the  ratio  of  the  motions  mud  be  compounded  with 
the  ratio  of  the  didances.  How  then  can  it  be  expected  that 
fuch  precife  conditions  fliould  be  made  good,  by  a  concurrence 
of  circumdances  owing  to  mere  chance  ?  Indeed,  if  we  were 
inclined  to  pafs  by  the  difficulties  we  have  confidered,  there 
is  dill  a  point  left  w'hich  cannot  be  fet  afide.  The  motion  of 
the  folar  fydem,  although  its  precife  direction  and  velocity 
may  dill  be  unknown!,  can  hardly  admit  of  a  doubt ;  we  have 
therefore  a  third  motion  to  add  to  the  former  two,  which  con- 
fequently  will  bring  the  cafe  under  the  datement  contained  in 
pur  7th  nqmber,  and  will  be  confidered  hereafter. 

(*)  H 
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Obfervations 
and  infeiences 
ref petting  the 
changes  of  rela¬ 
tive  fit  nations  in 
ftars  extremely 
near  each  other. 


CAUSE  OP  THE  CHANGES  OF  RELATIVE 

(g)  If  we  fliould  intend  to  change  our  ground,  and  place 
the  two  motions  in  O  and  x,  it  will  then  he  conceded,  that  the 
motion  of  <x  is  only  an  apparent  one,  which  owes  its  exigence, 
to  the  real  motion  of  the  fun.  By  this,  the  effect  of  the  foiar 
parallax  on  any  ftar  at  the  fame  diftance  will  be  given  ;  and  it 
cannot  be  difficult  to  atfume  a  motion  in  x,  which  (hall,  with 
the  effect  of  this  given  parallax,  produce  the  apparent  motion, 
in  the  direction  of  a  chord  from  the  firft  to  the  laft  angle  ot 
pofition  pointed  out  by  my  obfervalions;  taking  care,  however, 
not  to  place  the  ftars  a  and  x  at  the  fame  diftance  from  us  ; 
ufing  the  inverfe  ratio  of  the  foiar  parallax  as  a  multiple  in  the 
affigned  motion.  For  inftance,  let  the  fun  have  a  motion  ot 
the  velocity  expreffed  as  before  by  3V,51,  and  in  a  direftioir 
which  makes  an  angle  of  53e  13'  fouth  following  with  the 
parallel  of  ot,  Geminorum  ;  and  let  the  finall  ftar  x  have  a  real 
motion  in  an  angle  of  18°  40'  fouth  preceding  trom  the  pa¬ 
rallel  of  its  fituation,  arid  with  areal  velocity  which,  were  it 
at  the  diftance  of  ot,,  would  carry  it  through  8A',89.  Then,  if 
the  diftance  of  the  fmall  ftar  be  to  that  of  the  large  one  as  3 
to  2,  the  effect  of  the  foiar  parallax  upon  it  will  be  of  its 
effect  upon  ot,  ;  that  is,  while  which  is  at  reft,  appears  to 
move  over  a  fpace  of  3^,5 1,  in  an  angle  of  53°  31'  north  pre¬ 
ceding,  the  parallactic  change  of  place  in  x  will  be  2",34  in 
the  fame  direction.  This,  though  only  an  apparent  motion, 
will  be  compounded  with  the  real  motion  we  have  affigned  to 
it,  but  which,  at  the  diftance  of  a,  will  only  appear  as  l", 2(5  ; 
and  the  joint  effedt  of  both  will  bring  the  ftar  from  the  place 
in  which  it  wras  feen  23 \  years  ago,  to  that  where  now  we 
find  it  fituated.  a,  in  the  fame  time,  will  appear  to  have  had 
an  annual  proper  motion  of  —  0",  105  in  right  afcenfion,  and 
0",  12  in  declination  towards  the  north  ;  and  thus  all  pheno¬ 
mena  will  be  explained. 

From  this  ftatement,  we  may  draw  a  confequenee  of  con- 
liderable  importance.  If  we  fucceed,  in  this  manner,  in 
accounting  for  the  changes  obferved  in  the  relative  fituation  of 
the  two  ftars  of  a  double  ftar,  we  fliall  fail  in  proving  them  to 
form  a  binary  fyftem  ;  but,  in  lieu  of  it,  we  fhall  gain  two 
other  points,  of  equal  value  to  affronomers.  For,  as  ot,  Ge¬ 
minorum,  according  to  the  foregoing  hypothefis,  is  a  ftar  that 
has  no  real  motion,  its  apparent  motion  will  give  us  the  velo¬ 
city  and  dire&ion  of  the  motion  of  the  foiar  fyflem  j  and,  this 

bein^ 
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being  obtained,  we  fhall  alto  have  the  relative  parallax  ofobfervatbns 

every  liar,  not  having  a  proper  motion,  which  is  afle&edbyand  inferences 
4l  c  i  *•  a  n  •  i  i  r  •  ,  refpeaing  the 

tne  loJar  motion.  Altronomical  oblervations  on  the  proper  changes  of  rela- 

motion  ot  many  different  ffars,  however,  will  not  allow  us  tot‘ve  fixation  in 
account  for  the  motion  of  a  Geminorum  in  the  manner  which  eachotW. 
the  foregoing  inffance  requfres  ;  the  hypothecs,  therefore,  of 
its  being  at  reff,  muff  be  rejected. 

( h )  It  we  place  our  two  motions  in  O  and  a,  we  fliall  be 
led  to  the  fame  conclution  as  in  the  laff  hypothecs.  The  known 
proper  motion  of  a,  and  the  fituations  of  the  fmall  ffar  in 
1779  and  1803,  given  by  my  obfervalions,  will  afcerlain  the 
apparent  motion  of  x,  now  fuppofed  to  be  at  reff.  Then, 
fince  the  change  in  the  place  of  x  muff  be  intireiy  owing  to  the 
effect  of  parallax,  it  will  confequently  give  us,  in  the  fame 
manner  as  before,  the  quantity  and  dire£tion  of  the  motion 
of  the  folar  fy ffeni,  and  the  relative  diffances  of  all  fuch  ffars 
as  are  affedted  by  it.  But,  here  again,  the  folar  motion  re¬ 
quired  for  the  purpofe  is  fuch  as  cannot  be  admitted  ;  and  the 
hypothefis  is  not  maintainable. 


Morion  of  the  three  Bodies. 

(i)  There  is  now  but  one  cafe  more  to  contider,  which  is, 
according  to  No.  5,  to  aflign  real  motions  to  all  our  three 
bodies  ;  and  this  may  be  done  as  follows.  Suppofe  the  fun  to 
move  towards  h  Herculis,  with  the  annual  velocity  1. 

Let  the  apparent  motion  of  «.  Geminorum  be  as  it  is  ffated 
in  the  affronomical  tables  before  mentioned;  but  fuppofe  it  to 
arife  from  a  compofition  of  its  real  motion  with  the  effedt  of  the 
fyffematical  parallax,  as  wre  may  call  that  apparent  change  of 
place  of  ffars  which  is  owing  to  the  motion  of  the  folar  fyftem. 
Let  the  real  motion  of  z,  aided  by  the  effect  of  the  lame  pa¬ 
rallax,  be  the  caufe  of  the  changes  in  the  angle  ot  pofition 
which  my  obfervalions  have  given.  We  may  admit  the  largeff 
of  the  two  ffars  of  our  double  ftar  to  be  of  the  fecond  magni¬ 
tude  ;  and,  as  we  are  not  to  place  x  too  near  «,  we  may  tup- 
pofe  its  diffance  from  O  to  be  to  that  of  a  from  the  fame  as  3  to  2. 
In  this  cafe,  O  will  move  from  the  parallel  ot  a»  in  an  angle 
of  60°  37'  north  following,  with  an  apparent  annual  velocity 
of  ,4536.  The  motion  of  a  in  right  alcenfion,  may  be  intireiy 
aferibed  to  folar  parallax  ;  but  its  change  of  declination,  can¬ 
not  be  accounted  for  in  the  fame  manner.  Let  us  therefore 
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Obfervations  admit  that  the  fo!ar  velocity,  in  the  direction  we  have  caleu- 

and  inferences  lated,  will  produce  an  apparent  retroeate  motion  in  a,  which, 

refpeding  the  .  1  ...  **  .  6  .  ,  .  _  ’  . 

changes  of  rela-  ,n  23 k  years  will  amount  to  2'  ,085  in  right  alcennon.  But  the? 

tive  lituations  in  fame  parallax  will  alfo  occafion  a  change  in  declination,  to- 

near  eaefa^other.  warc^s  l^le  loath  preceding,  of  3",701  ;  and,  as  this  will  not 
agree  with  the  obferved  motion  of  a,  we  mutt  account  for 
it  by  a  proper  motion  of  this  (tar  direttly  towards  the 
north.  The  real  annual  velocity  required  for  this  purpofe, 

mu  ft  be  1,3925. 

The  apparent  motion  of  x,  by  parallax,  at  the  dirtance  we 
have  placed  this  flar,  will  be  2/,,332  towards  the  fouth  pre- 
ceding  ;  and,  by  aligning  to  it  an  annual  proper  motion  of  the 
velocity  1,3351*,  in  the  direction  of  73°  10' north  preceding 
its  own  parallel,  the  effect  of  the  folar  parallax  and  this  proper 
motion  together,  will  have  caufed  the  fmall  ftar,  in  appear¬ 
ance,  to  revolve  round  ag  fo  as  to  have  produced  all  the 
changes  in  the  angle  of  petition  which  my  obfervations  have 
given  ;  and,  at  the  lame  time,  «.  will  have  been  feen  to  move 
from  its  former  place,  at  the  annual  rate  of  07,  105  in  right 
alcention,  and  O'7, 12  in  declination  towards  the  north. 

In  this  manner,  we  may  certainly  account  for  the  phenomena 
of  the  changes  which  have  taken  place  with  the  two  ftars  of  a. 
Geminorum.  But  the  complicated  requifites  of  the  motions 
which  have  been  expofed  to  our  view,  muff  furely  compel 
every  one  wdio  confiders  them  to  acknowledge,  that  fuch  a 
combination  of  circum  -lances  involves  the  higheft  degree  of 
improbability  in  the  accomphthment  of  its  conditions.  On  the 
other  hand,  when  a  mod  funple  and  fatisfaftory  explanation  of 
the  fame  phenomena  may  be  had  by  the  effe&s  of  mutual  at¬ 
traction,  w  hich  will  fupport  the  moving  bodies  in  a  permanent 
f  \  flem  ot  revolution  round  a  common  centre  of  gravity,  while 
at  the  fame  time  they  follow  the  direction  of  a  proper  motion 
vv hich  this  centre  may  have  in  fpace,  it  will  hardly  be  portible 
to  entertain  a  doubt  to  which  hypothelis  we  ought  to  give  the 
preference. 

As  I  have  now  allowed,  and  even  fhown,  the  portability  that 
the  phenomena  of  the  double  rtar  Cartor  may  be  explained  by 
proper  motions,  it  will  appear  that,  notwithrtanding  iny  fore¬ 
going  arguments  in  favour  of  binary  fyrtems,  it  was  necertary, 
tm  a  former  occafion,  to  expref*  myfelf  in  a  conditional  man¬ 
ner,* 
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fier,*  when,  after  having  announced  the  contents  of  this  Paper, 
I  added,  “  Jhould  thefe  obfervatiqns  be  found  fu efficiently  conciu - 
/ire;”  for,  it  there  fiiould  be  adronomers  who  would  rather 
explain  the  phenomena  of  a  fmali  liar  appearing  to  revolve 
round  Caftor  by  the  hypothetic  we  have  lad  examined,  they 
may  certainly  claim  the  right  of  aflenting  to  what  appears  to 
them  mod  probable. 

(To  be  continued.) 


On  the  Nature  of  the  Varieties  of  Engrafted  Fruit-Trees ,  with  a 
Plan  for  increafing  the  Number  of  New  valuable  Fruits .  By 
T.  S.  Dyot  Bucknall,  Efq.  M.  P  f. 

To  Mr.  CHARLES  TAYLOR. 

SIR, 

SoME  friends  have  requeued  that  I  would  introduce  another  Introduction, 
Paper  on  the  Nature  of  the  valuable  Varieties  of  engrafted 
Fruits,  as  they  are  of  opinion  that  the  Effay  in  the  17th  Vo¬ 
lume  of  the  Tranfadions  of  the  Society  is  not  fufficiently  ex¬ 
tended  for  a  lubjed  fo  important  to  the  Fruit-growers,  and 
thofe  intereded  in  the  productions  of  Fruits.  As  a  proof  of 
my  willingnefs  to  make  the  Orchardift  as  perfect  as  I  can,  I 
beg  you  to  prefent  my  compliments  to  the  Society,  with  the 
following  elucidations. 

This  is  a  fubjeCt  in  rural  oeconomy  which  ought  to  be  much  Importance* 
better  underltood  than  it  is,  in  order  to  enable  the  planters  to 
judge  of  the  forts  proper  to  be  planted,  either  as  an  article  of 
pleafure,  profit,  or  recreation  ;  as  much  of  the  credit  of  the 
plantation  muff  arife  from  judicioufly  choofing  Trees  of  the 
bed,  new,  or  middled-aged  forts,  and  not  of  the  old  worn- 
out  varieties,  which  latter  cannot,  in  the  planting  of  Orchards 
in  common  fituations,  ever  form  valuable  Trees ,  and  muff  end 
in  the  difappointment  of  the  planter. 

Engrafted  Fruits,  I  have  before  Fa  id,  and  I  now  repeat,  are  Grafted  fruits  ar» 
not  permanent.  Every  one  of  the  lead  reflection  mud  fee  that  not  permanent. 

*  See  Phil.  Trans,  for  1802,  page  486. 
f  Society  of  Arts,  xx.  144. 

Q  2  there, 
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there  is  an  eflential  difference  between  the  power  and  energy 
of  a  feedling  plant,  and  the  tree  which  is  to  be  raifed  from 
cuttings  or  elongations.  The  feedling  is  endued  with  the  ener¬ 
gies  of  nature,  while  the  graft,  or  fcion,  is  nothing  more  than 
a  regular  elongation,  carried  perhaps  through  the  feveral  re- 
peatings  of  the  fame  variety;  whereas  the  feed,  from  having 
been  placed  in  the  earth,  germinates  and  becomes  a  newr  plant, 
wherever  nature  permits  like  to  produce  like  in  vegetation  ; 
as  in  the  oak,  beech,  and  other  maft-bearing  trees.  Thefe 
latter  trees,  from  each  paffing  through  the  ftate  of  feedlings, 
are  perfectly  continued,  and  endued  with  the  functions  of 
forming  perfect  feeds  for  raifing  other  plants  by  evolution,  to 
the  continuance  of  the  like  fpecies. 

The  varieties  This  is  not  the  cafe  w  ith  engrafted  fruits.  They  are  doomed 

continued  by  by  natUrc  to  continue  for  a  time,  and  then  gradually  decline, 
grafting  laft  only  .  .  •  ”  J  * 

for  a  time.  bit  at  /aft  the  variety  is  totally  loft,  and  loon  forgotten,  unlefs 

recorded  by  tradition,  or  in  old  publications. 

Reafon,  with  which  Providence  has  moft  bountifully  bleffed 
fome  of  our  fpecies,  has  enabled  us,  when  we  find  a  fuperior 
variety,  to  engraft  it  on  a  wilding  ftock,  or  to  raife  plants 
from  layers  and  cuttings,  or  even  to  raife  up  the  roots,  and 
thus  to  multiply  our  fources  of  comfort  and  pleafure.  This, 
however,  does  not  imply  that  the  multiplication  of  the  fame 
variety,  for  it  is  no  more,  ftioulcl  laft  for  ever,  unlefs  the  fpe¬ 
cies  will  naturally  arife  from  feed. 

rrccefs  of  raifing  Nature,  in  her  teaching,  fneaks  in  very  intelligible  lan- 

creating  them  by  Suage>  whlch  language  is  conveyed  by  experience  and  obfer- 
; rafting.  vation.  Thus  w'e  fee  that  among  promifeuous  feeds  of  fruits 

of  the  fame  fort,  one  or  more  may  arife,  whofe  fruits  ftiall  be 
found  to  poftefs  a  value  far  fuperior  to  the  reft  in  manv  diftin- 
guifhable  properties.  From  experience,  alfo,  we  have  ob¬ 
tained  the  power,  by  engrafting,  of  increafmg  the  number  of 
this  newly-acquired  tree,  can  change  its  country,  give  it  to  a 
friend,  fend  it  beyond  the  feas,  or  fill  a  kingdom  with  that 
fruit,  if  the  natives  are  difpofed  fo  to  do.  Thus  we  feem  to 
have  a  kind  of  creative  power  in  our  own  hands. 

From  the  attention  lately  paid  to  the  culture  of  engrafted 
Fruits,  I  hope  we  are  now  enabled  to  continue  a  fuppofed 
happily  acquired  tree,  when  we  can  find  it,  for  a  much  longer 
duration  than  if  fuch  variety  had  been  left  in  the  ftate  of  un¬ 
ified  nature ;  perhaps  I  may  fay  for  a  duration  as  long  again. 

or 
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or  fomething  more.  After  thefe  fanguine  expectations,  I  may  Procefsofraifiag 

reasonably  be  afked,  to  what  does  all  this  amount?  for  here  ^rn'ts  and 1 ‘n* 
..  ..  creating  them  by 

there  is  no  direct  permanency — and  why  ?  The  zvhy  is  very  grafting. 

obvious — becaufe  the  kernels  within  the  fruit,  which  are  the 
feed  of  the  plants  for  forming  the  next  generation  of  trees, 
will  not  produce  their  like.  I  allowr  they  may  do  fo  acci¬ 
dentally  ;  but  nothing  more  can  be  depended  on. 

For  example,  fuppofe  we  take  ten  kernels  or  pips  of  any 
apple  raifed  on  an  engrafted  dock  :  fovv  them,  and  they  will 
produce  ten  different  varieties,  no  two  of  which  will  be  alike  \ 
nor  will  either  of  them  clofely  refemble  the  fruit  from  whence 
the  feeds  were  collebfed.  The  leaves  alfo  of  thofe  trees  raifed 
from  the  fame  primogenious  or  parent  flock,  v*'ill  not  aftually 
be  a  copy  of  the  leaves  of  any  one  of  the  varieties  or  family, 
to  which  each  is  connebted  by  a  vegetable  confanguinity.  I 
intentionally  ufed  the  word  actually,  becaufe  a  refemblance 
may  be  found,  though  not  much  of  that  is  to  be  expebted. 

I  beg  that  what  has  been  lad  mentioned  may  not  be  taken 
as  a  difcouragement  to  attempts  for  railing  new  varieties.  I 
was  obliged  to  fpeak  very  drcngly,  in  order  to  place  the  cul¬ 
ture  upon  its  true  foundation.  I  think  it  need  not  be  obferved, 
that  there  is  no  acquiring  a  new  variety,  but  through  the  means 
of  a  feedling  plant ;  and  therefore  whoever  withes  to  fucceed 
mu  ft  attempt  it  that  way,  or  wait  till  others  in  their  planta¬ 
tions  may  more  fortunately  produce  it. 

In  choofing  the  feeds,  that  apple  is  molt  likely  to  produce 
the  cleared:  and  fined  plants,  whofe  kernels  are  firm,  large, 
and  well  ripened.  The  fize  of  the  fruit  is  not  to  be  regarded; 
for  large  apples  do  not  always  ripen  their  fruit  well,  or  rather 
for  cider  the  fmall  fruits  are  generally  preferred  for  making  the 
dronged,  highed-flavoured  liquor.  And  from  what  I  have 
been  able  to  collebt  in  the  cider-countries,  it  is  there  (he  opi¬ 
nion,  that  an  apple  fomething  above  the  improved  crab  pro- 
mifes  the  bed  fuccefs.  This  advantage  alfo  attends  the  prac¬ 
tice  :  if  there  are  no  valuable  apples  raifed  from  that  attempt, 
thefe  wildings  will  make  excellent  docks  to  engraft  upon. 

Gentlemen  whoabtually  employ  themfelves  in  attempting 
to  acquire  new  varieties,  fliould  remember  that  they  ought  to 
felebt  all  the  fets,  from  the  bed  of  apple-quick,  w-hofe  appear¬ 
ance  is  in  the  lead  degree  promifing,  and  plant  them  together, 
at  fuch  a  didance  as  to  allow  each  to  produce  its  fruit,  which 

will 
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Will  happen  in  about  twelve,  fifteen,  or  eighteen  years.  Mv 
triend  Mr.  Knight,  who  undoubtedly  is  the  firfl  in  actual 
exertions  for  procuring  thefe  happily  acquired  new  varieties, 
has  had  two  plants  bear  fruit  at  fix  years  old,  and  one  at  five. 
The  cider-countries  have  offered  teveral  premiums  for  pro¬ 
curing  new  varieties,  and  fome  with  good  effect.  Premiums 
have  been  given  both  to  Mr.  Knight  and  Mr.  Alban. 

When  the  new  variety  is  to  be  railed  from  a  valuable  ad¬ 
mired,  apple,  I  fhould  recommend  the  placing  thele  feeds  in 
a  garden-pot,  filled  with  mould  from  an  old  melon-bed  j 
earring  the  pot  into  a  retired  lituation  near  the  water,  and 
giving  attention  to  run  the  plants  to  as  large  a  iize  as  is  con¬ 
venient  within  eighteen  months.  With  this  view,  the  pot 
fhould  be  placed  in  the  green-houfe  the  lirlt  winter  ;  and 
when  the  plants  are  alter w'ards  to  be  let  out  in  the  Ipots, 
they  fhould  not  be  placed  under  the  drip  of  trees,  or  much 
expofed  to  the  winds. 

Two  inffances  have  been  mentioned,  the  improved  crab, 
and  moft  admired  apple;  but  prudence  fays,  try  all  forts, 
and  fomething  probably  will  arile  ;  and  the  procefs  is  attended 
with  little  trouble  or  expence  to  a  perlon  who  conffantly  re¬ 
sides  in  the  country  :  yet,  after  all  this  Scientific  care,  the 
apple  may  want  flavour,  and  be  in  other  refpecls  nothing 
better  than  a  common  wilding. 

It  is  an  undoubted  fad,  and  worthy  of  obfervation,  that 
all  the  different  trees  of  the  fame  variety  have  a  wonderful 
tendency  to  fimilarity  of  appearance  among  themfelves  ;  and 
that  tlie  parent  flock,  and  all  engrafted  from  it,  have  a  far 
greater  relemblance  to  each  other,  that  can  be  found  in  any 
part  of  the  animal  creation  ;  and  this  habit  does  not  vary  to 
any  extent  of  age. 

Fifts  re fpr (Tting  As  an  encouragement  in  attempting  to  increafe  the  number 
engrafted  fruits,  of  new  valuable  fruits,  we  can  prove  that  the  golden  pippin 

permanence  °&:c  *s  na(-ive  Englifli.  The  red-ftreak,  a  feedling  of  Hereford- 
fhire,  if  not  railed,  yet  was  fir  A  brought  into  notice  by  Lord 
Scudamore,  and  was  for  a  long  time  called  Scudamore’s 
Crab.  The  Stire  Apple  was  accidentally  railed  in  the  Forefl 
of  Dean,  in  Glouceflerfliire,  and  took  the  name  oi  Forejt  St  ire* 
The  cider  made  from  this  apple  was  the  ftrongeft  the  country 
ever  produced,  according  to  any  living  record.  The  Haglo- 
crab,  the  beft  cider  fruit  now  remaining,  was  difeovered 

5  ill 


ON  FRUIT  TREES. 


231 

m  the  pariflb  of  Edoe,  on  the  banks  of  the  Severn  ;  and,  about  Fa<^s  refpe&ing 
h\[y  or  feventy  years  ago,  many  fcions  were  taken  from  this  thd^degreeo f** 
tree  by  Mr.  Bellamy,  and  engrailed  on  leedling  docks  about  permanence,  &c* 
Rofs.  Thcfe  are  now  grown  old ;  and,  to  afcertain  the  age 
of  the  variety,  1  went  with  Charles  Edwin,  Efq.  to  Ecloes, 
in  hopes  of  feeing  the  primogenious  of  this  family.  The 
proprietor  of  the  eftate  acquainted  Mr.  Edwin  that  it  had 
ceafed  to  bear  years  ago,  and  was  cut  down.  Thole  at  Rofs 
are  but  poor  bearers  now,  and  1  fhould  fuppofe  the  variety 
in u ft  be  140  years  old,  though  Marfball,  who  wrote  in  the 
year  1786,  mentions  thefe  trees  were  prolific,  and  he  fuppofes 
the  fort  to  be  about  eighty  years  old;  but,  from  prefent  ex¬ 
perience,  it  muft  be  much  more.  The  Tinton  Squafh-pear 
is  of  Gloucefterfiiire ;  the  Barland  and  Old-field  were  near 
Ledbury,  Herefordfhire.  The  two  lad  pears  clearly  bear  the 
names  of  the  two  fields  where  they  were  railed.  The  Bar- 
land  fell  about  fix  years  ago,  viiibly  from  weight  and  longe¬ 
vity,  which  was  fuppofed  to  have  been  about  200  years. 

There  had  been  many  other  names  of  efiimation  handed  down 
to  us,  though  the  realities  are  now  totally  worn  out,  and  have 
ceafed  to  exilf.  Can  any  better  proof.be  defired,  that  en¬ 
grafted  fruits  are  not  permanent,  then  the  regret  we  feel  for 
the  lofs  of  thefe  old  valuable  fruits. 

To  make  my  paper  as  lliort  as  convenient,  I  have  dwelt 
only  on  the  apple  and  pear ;  yet  all  the  engrafted  fruits  are 
under  the  fame  predicament  of  the  feed  not  producing  its  like, 
and  the  offspring  in  time  falling  into  a  nothingnefs  of  growth 
and  bearing,  though  that  fpace  of  time  muff  certainly  depend 
on  the  natural  longevity  and  hardnefs  of  the  fort,  foil,  pofition, 
care,  &c.  All  thefe  are  more  fully  expreffed  in  the  papers 
publifhed  in  the  different  volumes  of  the  Tranfadlions  of  this 
Society,  and  the  two  volumes  of  the  Orchardift,  wherein  the 
whole  fyfiem  is  extended,  to  form  a  rational  culture  lor  the 
management  of  Standard  Fruits, 

It  fliould  be  remembered,  that  as  I  3in  now  alluding  to  the 
Rate  of  a&ual  permanency,  fifty  years  are  to  be  accounted  as 
nothing  ;  and  as  often  as  we  come  to  that  point,  we  are  com¬ 
pelled  to  refort  to  our  firft  alfertion,  “  That  engrafted  fruits 
are  not  permanent,  they  being  continued  from  elongations, 
and  not  raifed  as  a  repetition  of  feeds.”  This  is  the  only 

rational 
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Fads  refpc&jng  rational  way  as  yet  introduced  of  accounting  for  the  lofs  of 
thcir^degree' ot*  the  valuable  old  varieties  of  fruits.  Should  a  better  fyftem  be 
permanence, See.  introduced,  I  (hall  readily  adopt  it;  but  this  fufflciently  anfwers 
the  purpofes  of  the  planter. 

Some  years  ago,  from  due  inveftigation  and  thorough  con¬ 
viction,  I  propagated  this  principle;  and  it  was  publifhed  in 
the  17th  volume  of  the  Society’s  TranfaCtions,  in  the  follow¬ 
ing  words:  “  All  the  grafts  taken  from  this  firft  tree,  or  parent 
flock,  or  any  of  the  defeendants,  will  for  fome  generations 
thrive;  but  when  this  firft  ftock  fliall,  by  mere  dint  of  old- 
age,  fall  into  aCtual  decay,  a  nihility  of  vegetation — the 
defeendants,  however  young,  or  in  whatever  fituation  they 
maybe,  will  gradually  decline;  and,  from  that  time,  it  would 
be  imprudent,  in  point  of  profit,  to  attempt  propagating  that 
variety  from  any  of  them.  This  is  the  dogma  which  muft  be 
received.  I  do  not  expeCt  a  direct  affent,  neither  do  I  with 
it,  for  it  fhould  be  taken  with  much  referve  ;  but  it  is  un¬ 
doubtedly  true.”  Thefe  confiderations  thould  ftimulate  us 
in  fearching  after  new  varieties,  equal,  or  perhaps  luperior 
to  thofe  of  which  we  regret  the  lofs. 

Obferve  that,  from  the  time  the  kernel  germinates  for 
apple-quick,  fhould  the  plant  be  difpofed  to  form  a  valuable 
variety,  there  will  appear  a  regular  progreffive  change,  or 
improvement,  in  the  organization  of  the  leaves,  until  that 
variety  has  ftood,  and  grown  fufheient  to  blolTom  and  come 
into  tull  bearing  ;  that  is,  from  the  ftate  of  infancy  to  matu¬ 
rity  ;  and  it  is  this  and  other  circumftances,  by  which  the  in- 
quifitive  eye  is  enabled  to  form  the  feleCtion  among  thofe  ap¬ 
pearing  likely  to  become  valuable  fruits.  But  from  that  time 
the  new  variety,  or  feleCled  plant,  compared  with  all  the  en- 
graftments  which  may  be  taken  from  it,  or  any  of  them,  thefe 
fhall  (hew  a  mod  undeviating  famenefs  among  themfelves. 

It  is  readily  allowed,  that  the  different  varieties  of  fruits 
are  eatily  diftinguifhed  from  each  other  by  many  particulars, 
not  only  refpe&ing  their  general  fertility,  and  the  form,  ffze, 
fhape,  and  flavour  of  the  fruit,  but  alfo  the  manner  of  the 
growth  of  the  tree,  the  thicknefs  and  proportion  of  the  twigs, 
their  (hooting  from  their  parent  ftem,  the  form,  colour,  and 
confi (fence  of  the  leaf,  and  many  other  circumftances,  by 
which  the  variety  can  be  identified;  and  were  it  poffible  to 
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engraft  each  variety  upon  the  fame  flock,  they  would  flill  Fails  refpcilinj 
retain  their  difcriminating  qualities,  with  the  mofl  undeviating  thdr^egrce"  of  ** 
certainty.  permanence,  &«, 

The  proper  conclufion  to  be  drawn  from  the  flatement  in 
the  lafl  paragraph,  is  this — that  were  any  one  to  put  the 
thought  in  praCtice  on  a  full-grown  hardy  or  crab  flock,  it 
would  produce  an  excellent  proof  that  engrafted  fruits  are  not 
permanent.  For  if  twenty  different  varieties  were  placed  to¬ 
gether,  fo  that  each  might  receive  its  nurture  from  the  fame 
Hem,  they  would  gradually  die  off  in  actual  fucceflion,  ac¬ 
cording  to  the  age  or  Hate  of  health  of  the  refpe&ive  variety, 
at  the  time  the  feions  were  placed  in  the  flock  ;  and  a  difcri¬ 
minating  eye,  ufed  to  this  bufinefs,  would  nearly  be  able  to 
foretell  the  order  in  which  each  feion  would  actually  decline. 

Should  it  alfo  happen  that  two  or  three  fuckers  from  the  wild¬ 
ing  flock  had  been  permitted  to  grow  among  the  twenty  grafts , 
fuch  fuckers  or  wilding  (hoots  will  continue,  and  make  a  tree 
after  all  the  refl  are  gone.  A  further  confequence  would  re- 
lult  from  the  experiment :  among  fuch  a  number  of  varieties, 
each  of  the  free  growers  would  flarve  the  delicate,  and  drive 
them  out  of  exiflence  only  fo  much  the  fooner.  It  mull  be 
obferved,  that  this  fuppofed  flem  is  the  foller-parent  to  the 
tw’enty  feions,  and  real  parent  to  the  fuckers  j  and  thofe  the 
lead  converfant  with  engrafted  fruits  know  the  advantage  ac¬ 
quired  from  this  circum fiance.  And  here  it  is  worth  while 
remarking,  that  a  Gafcoyne,  or  wild  cherry,  will  grow  to 
twice  the  (ize  that  ever  an  engrafted  cherry  did. 

By  an  experiment  we  have  had  in  hand  for  five  years,  it 
will  appear  that  the  roots  and  flem  of  a  large  tree,  after  the 
firfl  fet  of  feions  are  exhaufled  or  worn  out,  may  carry  another 
fet  for  many  years  ;  and  we  lufpect  a  third  fet,  provided  the 
engrafting  is  properly  done,  and  the  engrafter  choofes  a  new 
variety.  Now  the  Ripflon  pippin,  of  Yorkfliire,  is  the  fa¬ 
vourite,  as  being  a  free  grower  and  good  bearer,  with  fine 
fruit.  This  however  may  be  certainly  depended  on,  that 
when  a  new  apple  is  railed  from  feed,  if  a  feion  were  placed 
in  a  retired  fituation,  and  conflantly  cut  down,  as  a  flool  in  a 
cop(e-wood,  and  the  apple  never  fuffered  to  fulfil  the  intentions 
of  nature  in  bearing  fruit,  the  practitioners  of  the  following 
ages  may  fecure  feions  from  that  flool,  to  continue  the  variety 
much  longer.  Hence,  though  I  have  written  as  much  as  is  in 

my 
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Fatts  refpcft'mg  my  power  againd  permanency,  yet  I  have  taken  Tome  pains 

theiTdcgrcc  oT* alfure  the  planters,  that  forecad,  feledion,  pruning,  clean- 
pcrxnancnce,  See.  linets,  and  care,  will  make  the  orchards  turn  to  more  profit 
for  the  rifing  generations,  than  what  they  have  done  for  the 
lad  hundred  years. 

To  place  the  nature  of  varieties  in  its  true  light,  for  the 
information  of  the  public,  I  mud  maintain,  that  the  different 
varieties  of  the  apple  will,  after  a  certain  time,  decline,  and 
actually  die  awav,  and  each  variety,  or  all  of  the  tame  Hem 
or  family,  will  lofe  their  exigence  in  vegetation  ;  and  yet  it 
is  a  known  fa<ft,  and  mentioned  in  the  17th  volume  of  the 
Tranlaftions,  that  after  the  debility  of  age  has  actually  taken 
poffetlion  of  any  variety,  it  will  yet  thrive  by  being  placed 
againd  a  fouthern  wall,  and  treated  as  wall-fruit.  Who, 
however,  can  afford  to  raife  cider  at  that  expenfe,  except  as 
matter  of  curiofity,  to  prove,  that  when  the  vital  principle  in 
vegetation  is  nearly  exhaufted,  a  fuperior  care  and  warmth 
will  ftiil  keep  the  variety  in  exigence  fome  time  longer? 

It  fhould  be  underflood,  that  the  external  air  of  Britain  is 
rather  too  cold  for  the  delicate  fruits,  which  is  the  reafon 
why,  in  the  Orchardid,  I  lay  fuch  a  drefs  on  procuring 
warmth  for  the  trees,  by  draining ,  jheltcr,  and  manure.  It 
would  be  now  lod  time  to  attempt  to  recover  the  old  varieties 
as  an  article  of  profit. 

If  I  have  not  expreffed  myfelf,  in  this  EtTay  on  the  Nature 
of  Varieties,  w  ith  fo  much  clearnefs  and  conviction  as  might 
have  been  expected,  it  Ihould  be  confidered  that  it  is  an 
abdrufe  fubject,  very  little  undcrltood,  and  requiring  at  fird 
fome  degree  of  faith,  ohfervution,  and  per fere  ranee.  The 
prejudices  of  mankind  revolt  againd  it.  They  are  not  dif- 
pofed  to  allow  the  didinciion  of  nature;  and  they  imagine, 
that  in  the  a£t  of  engrafting  or  multiplying  they  give  new  life, 
whereas  it  is  only  continuing  the  exidence  of  the  fame  tree, 
dick,  or  bud.  Obferve  what  I  (aid  before  : — the  feed  of  the 
apple,  when  placed  in  the  earth,  germinates,  and  unfolds 
itfelf  into  a  new  plant,  which  fucceilively  pad'es  through  the 
dages  of  infancy,  maturity,  and  decay,  like  ils  predeceffors. 
I  might  fay,  all  created  nature  is  fimilar  in  this  refpedt ; 
though,  from  the  circumdance  that  varieties  are  much  longer- 
lived  than  man,  the  plants  have  appeared  to  be  potfelfed  of 
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•eternal  powers  of  duration :  nothing  fub! unary,  however,  Fafts  refpe£ting 
which  poflefles  either  animal  or  vegetable  life,  is  exempt  from  e,n8rafted  fruit3* 
age  and  death.  permanence* 

\\  ilhin  the  lad  twenty  years  I  have  travelled  many  hundred  ^c* 
miles,  and  converfed  with  the  moft  intelligent  men  in  each 
country ;  and  1  now  want  to  convince  mankind,  for  no  other 
reafon  than  becaute  it  is  their  intereft  fo  to  believe,  that  there 
is  in  creation  an  order  of  beings  (engrafted  fruits)  fo  formed, 
that  we  have  the  power  of  multiplying  a  tingle  variety,  to 
whatever  number  of  trees  we  plcafe; — that  the  ftrft  fet  arifes 
from  a  lmall  feed  ; — that  the  next  and  defeendent  fets  are 
propagated  by  engraftings,  or  from  cuttings,  layers,  &c.  ; — 
and  that  although  thefe  trees  may  amount  to  millions,  yet, 
on  the  death  of  the  primogenious  or  parent  dock,  merely  from 
old-age,  or  nihility  of  growth,  each  individual  (hall  decline, 
in  whatever  country  they  may  be,  or  however  endued  with 
youth  and  health.  I  fay  they  fhall  gradually  begin  to  decline; 
and  in  the  courfe  of  time,  or  of  centuries,  to  thofe  who  would 
prefer  that  expreftion,  the  whole  variety  will  fcarcely  have  a 
fmgle  tree  remaining  to  (how  what  the  fruit  was.  Let  thofe 
who  are  not  difpofed  to  affent  to  this  ftatement,  afk  them- 
fel  ves  what  is  become  of  the  old  loft  varieties  ?  did  they  die, 
or  did  wicked  men  malicioufly  cut  them  up  ? 

I,  who  am  firmly  convinced  of  the  truth  of  what  I  have 


advanced  on  this  fubjedf,  have  no  doubt  but  that  the  fame 
would  happen  by  engrafting  on  the  Oak  or  Beech,  if  the 
maft  raifed  from  the  engrafted  tree  did  not  produce  the  like  ; 
for  there  the  queftion  turns. 

Is  it  not  known,  that  the  woodman,  in  fetting  out  his 
fapling  oaks,  always  feiedts  new  feedling  plants,  and  never 
continues  one  upon  an  old  ftool ;  and  that  if  he  fhould  fo 
blunder,  that  tree,  from  the  ftool,  will  neither  have  the  free¬ 
dom  of  growth,  nor  the  ftze  or  firmnefs  of  timber,  equal  to  a 
new-raifed  plant. 

I  wifh  I  could  perfuade  my  friends,  that,  with  the  fame 
attention  with  which  (he  woodman  a6ts,  the  planter  is  to  raife 
his  orchard  from  the  young  fruits  which  thrive  in  the  neigh¬ 
bourhood,  or  are  in  health  and  full  bearing  in  the  country 
whence  they  are  to  be  brought. 

The  fruit-grower  fhould  look  to  feledfion,  cleanlinefs,  and 
care.  To  me  it  is  a  circumftance  perfectly  indifferent,  whe¬ 
ther 
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Fatts  refpeftlng  ther  he  is  to  life  Mr.  Forfyth’s  composition,  Mr.  Bulingham’s 

engrafted  fruits,  boiled  linfeed  oil,  or  my  medication.  I  only  maintain  that  the 
their  degree  of  J  ,  . 

permanence,  wounded  parts  of  trees  want  fomethmg  to  deltroy  the  mleds 

and  vermin,  and  heal  the  wood,  from  which  the  trees  are  kept 

in  health. 

Let  thofe  who  are  blefled  with  fruit-plantations  attend  to 
their  prefervation,  and  not  leave  them  to  the  Rate  of  unaffifted 
nature. 

I  am,  Sir, 

Your  mofl  obedient  Servant, 

Tho.  Skip  Dyot  Bucknall. 

Hampton-Court, 

12 th  Oa.  1 80J. 


XIII. 

i 

Explanation  of  the  Suhjeas  concerning  which  Hueftions  were  pro- 
pofedat  Page  11  of  the  prefent  Volume;  namely,  1.  The  Place 
qf  the  Erect  Image  behind  a  Concave  Speculum ;  2.  Of  the 
Image  formed  by  aConcavo  Convex  Mirror,  which  is  not  Left- 
handed,  and  has  the  Property  of  revolving  along  with  the  Mir¬ 
ror;  and  3.  The  Figure  of  the  Sky.  By  W.  N. 

Anfwers  to  cer-  As  the  queliions  of  my  correfpondent  R.  B.  have  not  been 
tam  queftjonb.  treamd  by  atly  0ther  of  my  friends,  I  (hall  here  difeufs  them 
according  to  my  promife. 

Ereft  image  in  The  queftion  refpedirig  the  ered  image  in  the  concave 

a  concave nnr-  mirror  relates  to  a  phenomenon  which  formed  the  fubjed  of 
difeuffion  in  print  very  early  in  the  laft  century,  though  I 
cannot  at  this  moment  recoiled  the  authors  who  have  related 
the  fads  and  arguments.  R.  B.  is  perfedly  corred  as  to  the 
various  divergence  of  the  rays  compofing  the  pencils  which 
if! ae  from  radiant  points  at  different  diflances  from  the  eye,  but 
it  does  not  appear  that  our  notions  of  diflance  arc  greatly  re- 
Our  judgment  of  gulated  by  that  circum  dance.  Our  judgment  of  the  diftances 

founded  o/the  near  °^je<^s  IS  partly  founded  on  the  adjuftment  required  to 
nature  of  the  be  made  in  the  eye  itfelf  to  produce  diflind  vifion  by  the  rays 
pencils  of  light}  of  the  feveral  pencils,  as  R.  B.  remarks,  but  much  more  on 
a  circumftance  commonly  noticed  by  authors,  but  by  him  over¬ 
looked,  namely,  the  degree  of  convergence  between  the  op¬ 
tical  axes  of  the  two  eyes  which  is  required  to  avoid  fquinting, 

or 
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or  the  phenomenon  of  two  images.  In  proof  of  this,  if  be  will 
take  two  pens  or  pencils  or  other  pointed  objects,  and,  flmtting 
one  eye,  endeavour  to  apply  their  points  end-wife  to  each  other  but  on  the 
by  moving  them  acrols  the  line  of  fight,  he  will  find  how  *ltuatl0ia  °f  dis 

i  r  *r  •  •  •  eye,  and  the 

much  lets  precifely  one  eye  can  give  a  judgment  on  difiances,  perfpettivc. 

than  both  eyes.  And  our  judgment  of  difiant  objedls  is,  efta- 

blillied  not  at  all  upon  the  nature  of  the  pencils,  but  on  the 

perlpedtive  arrangement  or  angular  magnitude  of  the  obje6ts 

together  with  their  gradual  obfcuration  (from  the  interpofed 

mafs  of  air)  called  aerial  perfpediive.  Hence  we  find  that  the 

feveral  parts  of  a  well  drawn  (ketch  of  mere  lines,  and  fiill 

more  of  an  excellent  painting,  give  all  the  notions  of  difiance, 

though  there  cannot  be  any  difference  in  the  divergence  of  the  - 

pencils  of  light  to  correfpond  with  that  effect.  The  confciouf- 

nefs  that  a  body  is  approaching  or  retiring  arifes  little  if  at  all 

from  any  change  in  the  pencils ;  in  near  objects  that  notion  is 

rather  gained  from  the  required  change  in  the  optical  axes, 

and  in  thefe  and  all  difiant  objects  it  is  almofi  entirely  produced 

by  the  angular  magnitude  becoming  larger  or  finaller,  while 

we  contemplate  the  appearances. 

Thefe  truths  will  explain  the  image  in  the  concave  mirror :  The  image  in 
For  1.  When  the  face  is  near  the  mirror,  the  image  is  feen  by  J  collcavemir|1M 
a  great  convergence  of  the  optical  axes,  which  becomes  lefs  and  advance 
and  lefs  as  the  obferver  retires,  at  the  fame  time  that  the  image  fr0"1  tbe^e 
itfelf  fubtends  a  lefs  and  lefs  angle: — It  therefore,  for  both 
reafons,  appears  to  retire.  2.  At  a  greater  diftance  the  image 
feems  ftationary  while  the  obferver  retires,  becaufe  the  angular 
enlargement  of  the  image  is  nearly  compenfated  by  its  dimi¬ 
nution  from  increafed  diftance;  and  3.  At  a  fiill  greater  dif¬ 
tance  the  angular  enlargement  increafes  fo  faft  that  the  image 
feems  rapidly  to  come  forward  until  it  is  loft  in  confufion. — 

If  both  eyes  be  kept  open,  the  obferver  has  a  confiderably 
accurate  notion  of  the  real  diftance  of  the  frame,  which,  to¬ 
gether  with  the  confufion  of  two  different  images  prefented  to 
the  eyes,  may  lead  him  to  have  the  fentiment  of  a  mere  angu¬ 
lar  enlargement;  but  if  one  eye  be  covered,  the  notions  of  re¬ 
treat,  ftationary  pofition,  and  rapid  advance  of  the  image  will 
infallibly  be  adopted. 

2.  With  regard  to  the  concavo-convex  mirror,  none  of  the 
pencils  of  light  are  brought  truly  to  a  focus.  If  we  conceive 
the  furface  of  the  mirror  to  be  divided  into  zones  by  lines 
4  drawo 
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drawn  perpendicularly  acrofs  the  fhorteft  arc  of  convexity  that 
paflfes  through  the  vertex  ;  and  thefe.  lines  to  he  indefinitely 
near  each  other; — or  to  fpeak  Iefs  mathematically,  if  the  mir¬ 
ror  were  divided  into  fmall  parallel  fbipes,  drawn  right  acrots 
its  concavity; — each  of  thole  fmall  zones  or  ftripes  will  reflect 
the  light  of  any  diftant  object  to  a  focus  before  the  mirror  with¬ 
out  any  fen  hole  error ;  whence  it  will  diverge  in  a  kind  of  flat 
pencil;  and  thefe  pencils  themfelves  will  not  be  parallel  to  each 
other,  but  will  diverge  from  a  point  behind  the  mirror  or  vir¬ 
tual  focus;  fo  that  this  lafl  divergence  of  the  pencils  will  be  at 
right  angles  to  the  divergence  of  the  rays  that  compofe  them. 
It  therefore  we  attend  to  the  portion  of  light  which  enters  the 
eye  from  what  may  be  taken  to  be  a  radiant  point  of  the  image, 
in  this  cafe,  we  tliall  perceive  that  they  cannot  be  brought  to  a 
correct  focus  on  the  retina.  For  if  the  eye  be  adjufted  to  the 
place  of  convergence  before  the  mirror,  the  focal  fpot  will  be 
elongated  in  the  direction  of  the  arc  of  convexity;  and  on  the 
contrary,  it  the  eye  be  adjufted  to  the  virtual  focus  of  the  con¬ 
vex,  or  point  of  divergence,  the  rays  of  the  pencils  will  not 
be  duly  collected,  but  will  render  the  fpot  on  the  retina  oblong 
in  the  direction  of  the  arc  of  concavity.  Neverthelefs,  if  the 
diftance  of  the  eye  be  fo  great,  as  that  the  difference  of  ad- 
juftment  for  thefe  two  points  fhall  not  produce  any  fenfible  ef¬ 
fect  of  this  kind,  the  whole  image  will  appear  fufficiently  neat 
and  diftincl,  though  a  little  deformed;  that  is  to  fay,  thofe  di- 
menfions  which  are  governed  by  the  concavity,  will  be  fome- 
what  greater  than  thofe  governed  by  the  convexity;  becaufe 
as  we  may  affirm,  the  concave  mirror  is  nearer  the  eve  than 
the  convex.  From  this  general  explanation,  it  will  be  eafily 
underftood  that  the  image  muff  difappear  and  become  utterly 
confuted  by  the  quantity  of  crofs  aberation,  when  any  attempt 
is  made  to  examine  it  with  a  convex  lens;  and  that  it  will  be 
impoffible  to  form  an  image  of  the  fun  or  of  any  other  obje6t 
upon  the  furface  of  paper  or  other  fimilar  material.  In  fa& 
the  reflected  light  from  the  fun  confidered  as  a  luminous  point, 
will  converge  before  the  mirror  to  a  line  or  cauftic  curve  of 
which  I  have  not  yet  confidered  the  properties ;  but  which,  if 
the  concave  mirror  were  cylindrical,  would  be  a  right  line  at 
the  dillance  of  half  the  radius  from  the  vertex. 

It  is  not  neceflary  after  what  has  been  faid  to  enter  into  any 
fuller  explanation  of  the  reafon  why  the  image  is  inverted, 
(that  is  to  fay  either  right  handed  or  upfide-down)  with  regard 
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to  the  relative  pofition  of  its  parts  confidered  acrofs  the  con¬ 
cavity,  and  the  contrary  along  the  lines  of  convexity; — or, 
while  thefe  lines  have  their  pofition  altered  by  rotation  of  the 
mirror,  the  image  itfelt  will  alio  appear  to  revolve  with  twice 
the  velocity.  Thefe  effects,  as  well  as  that  of  the  extreme 
diflortion  of  the  image,  fecn  when  the  objedt  is  within  the  cen¬ 
tre  of  concavity,  will  be  eafily  apprehended  by  the  reader, 
whofe  notions  of  optics  are  fufficient  to  enable  him  to  under- 
ftand  the  preceding  paragraph. 

3.  The  enlarged  appearance  of  the  fun  and  moon  at  low  Why  the  fky 
altitudes  or  near  the  horizon,  and  the  apparent  flatnefs  of  the  an^^he^fun  and 
concavity  of  the  fky  have  been  explained,  as  my  correfpondent  moon  large  in 
obferves,  by  reference  to  the  diminifhed  light  of  the  heavenly  tiie  huuzon* 
bodies,  when  it  paffes  through  a  long  portion  of  the  atmof- 
phere,  and  likewife  to  the  notions  of  diflance  which  are  ob¬ 
tained  by  looking  over  a  long  row  of  terreftrial  objects.  That 
is  to  fay  the  explanation  is  grounded  on  the  fuppofition  or  no¬ 
tion  of  greater  diflance  along  the  horizontal  line  deduced  from 
confideration  of  the  aerial  and  the  geometrical  perfpective. 

The  obfervations  and  obje6tions  of  R.  B.  appear  to  me  to  be 
perfectly  well  founded.  I  think  the  efte<5t  is  produced  almoft 
entirely  by  the  geometrical  perfpective,  not  of  thehoufes,  trees, 
and  other  land  objects,  but  of  the  clouds  themfelves.  When 
the  clouds  are  in  low  diftinft  flakes  with  clear  openings  be¬ 
tween  them,  the  angular  magnitude  both  of  the  clouds  and 
their  intervals  will  be  greater  near  the  zenith,  and  will  dimi- 
nifh  as  the  zenith  diflance  encreafes,  fo  as  on  fome  occafions 
to  exhibit  the  appearance  of  objects  running  out  to  an  immeufe 
diflance  in  the  concavity  of  an  extremely  flat  dome.  On  the 
contrary,  when  lofty  towering  maffes  of  clouds  rife  from  the 
horizon  to  a  eonfnlerable  elevation  facing  the  fetting  fun,  or 
othervvife  fo  circumftanced  that  the  tint  of  the  whole  mafs  (hall 
be  very  little  varied,  the  mind,  fo  far  from  adopting  the  notion 
of  an  expended  dome  in  that  part,  flial!  receive  the  impreflion 
of  an  immenfely  elevated  wall,  with  very  little  curvature  as  it 
rifes.  Both  thefe  conditions  are  not  unfrequently  to  be  feen  at 
one  and  the  fame  time,  and  the  fky  is  then,  according  to  the 
obfervation  of  R.  B.  very  far  from  exhibiting  a  figure  of  regular 
dimenfions.  A  great  variety  of  intermediate  forms  and  groups 
«f  the  clouds  often  prefent  themfelves,  by  which  the  apparent 
figure  of  the  fky  will  be  made  to  differ  from  thefe  extreme 
cafes.  When  the  fky  is  perfedly  and  clofely  clouded,  we 

have 
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have  perhaps  very  little  notion  of  an  apparent  figure  unlefs 
from  our  former  habits,  or  from  the  angular  motion  produced 
by  the  wind.  This  will  be  greatefl:  near  the  zenith,  and  by 
(hewing  us  that  the  clouds  over  our  heads  are  nearer  than  the 
others,  will  give  us  a  convidion  of  the  figure  of  a  flat  arch. 


Ufcful  Notices  refpeSling  various  Objefts.  By  a  Correfpondent. 

Cotton  in  Ink.  R.  B. 

TThE  ancient  practice  of  putting  cotton  in  ink  is  almoft  en¬ 
tirely  given  up.  But  when  we  confider  that  the  colouring 
matter  of  ink  is  merely  a  precipitate,  in  the  ad  of  flow  fub- 
fidenee,  and  that  the  gum  as  well  as  the  Gallic  acid,  are  fub* 
jed  to  I'peedy  decompolition  or  mouldinefs  by  expofure  to  the 
air,  we  fliall  fee  good  reafons  for  refuming  it.  The  black  fe- 
cula  is  kept  fufpended  by  the  cotton;  the  fluid  is  prevented 
from  circulating  by  heat,  cold  or  mechanical  agitation,  and 
confequently  prefents  a  very  fmall  furface  to  the  air;  andlaflly 
the  method  of  dipping  tends  to  keep  the  pen  clean  and  in  good 
condition.  I  can  take  upon  me  to  aflert  that  ink  in  cotton  is 
blacker,  more  durable,  and  much  lefs  liable  to  become  mouldy. 
The  latter  effect  may  be  almolt  entirely  prevented  byoccafion- 
ally  turning  the  cotton  upfide  down,  that  is  to  fay,  every  two. 
or  three  days 

Shaving  ivith  Water. 

IN  fome  of  your  early  numbers  the  operation  of  (having  has 
been  rather  amply  difeufled  by  yourfelf  and  correfpondents.  I 
have  nothing  to  add  in  the  way  of  reafoning  to  what  has  been 
there  brought  forward;  but  I  take  this  opportunity  of  noticing 
a  fad.  Long  ago  it  was  obferved  to  me  that  the  foap  anfwers 
no  other  purpofe  than  that  of  clearing  the  fkin,  in  proof  of 
which  it  was  aflerted  that  the  face  fo  cleaned  may  be  thaved 
quite  as  well  without  the  lather  as  with  it.  I  made  trial  of  this 
procefs,  but  did  not  find  it  fucceed,  becaufe  I  wiped  the  fkin 
dry.  But  I  have  fince  found  that  if  the  beard  be  well  wafhed 
with  foap,  and  then  with  clear  water,  the  operation  of  (having 
may  be  very  effedually  and  pleafantly  performed,  while  the 
water  continues  upon  the  (kin.  The  effeds  are  that  the  razor 
cuts  more  keenly  and  clofely,  and  the  (kin  feems  to  be  much 
lefs  tender.  I  leave  your  other  correfpondents  to  reafon  and 
difeover  the  caufe  of  the  excellence  of  this  method;  in  the 
mean  time  I  (hall  continue  to  ufe  it,  unlefs  a  flill  more  con- 
fiderable  improvement  (hould  be  made. 
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ARTICLE  I. 


Experiment  proving  the  Advantage  of  Perifcopic  Spectacles.  Com¬ 
municated  in  a  Letter  from  W.  H.  Wollaston,  M.  D. 
F.  R.  S. 

To  Mr.  NICHOLSON. 

SIR, 


JL  HE  opinion  given  by  Mr.  Jones,  in  your  lad  Journal,  re-  Mr.. Jones’s^ 

fpedting  the  improved  form  of  fpectacle-glaffies,  on  which  I  had  improved  fpcc* 

delivered  my  fentiments  in  the  number  preceding  (p.  144,)  in-  tacic  gaffes, 

duces  me  to  addrefsyou  once  more  upon  that  fubject. 

It  appears  whollv  unneceffary  to  follow  Mr.  T.  through  his  referred  to  ex- 
•  ,  r  •  '  '  .  •  ,  i  periment. 

various  oblervations,  or  to  remark,  upon  die  experiment  by 

which  he  deceives  himfelf;  becaufe  all  doubt  of  the  advantage 

of  the  perifcopic  glades  may  be  removed  by  the  following 

direct  comparative  trial,  which  any  perfon  who  choofes  can 

make  wdthout  difficulty. 

I  have  before  me  two  glades,  each  of  four  inches  “  pofitive  With  the  form 

°  ,  .  ,  ot  lens  recom- 

focus,,,  as  propofed  by  Mr.  J.  the  one  double-convex,  which  mended  by  Mr. 
in  his  judgment  is  pronounced  to  be  “  indubitably  the  heft  and  Jones, 
tnoft  convenient  that  can  be  devifed”  (p.  194) ;  the  other  a  con¬ 
cavo-convex,  or  menifcus,  which  he  thinks  **  evidently  the 
iv  or  ft  of  the  two  for  afpedtucle-glafi”  (p*  197.) 

When  I  fix  the  former  at  the  diftance  for  mod  diftin6t  vifion  the  extent  of 

.  _  ,  ,  .  diftinft  vifioa 

oppofite  to  a  printed  octavo  page,  and  approach  my  eye  to  the  comparcd 
Vol.  VII. — April,  1804.  *  R  glafs,  that  by  the 
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penfcopic  glafs  glafs,  I  cannot  without  pain  read  quite  twenty-four  lines;  but 
’  Z *  t>4C’  upon  fubftituting  the  perifcopic  glafs  fixed  in  the  lame  pofition, 
I  can  with  eafe  difcern  every  word  in  the  page,  which  contains 
forty  lines. 

—or  rather  as  The  enlargement  of  the  field  of  view  obfervable  in  this  trial 

1  is  fufficient  to  evince  the  fuperior  utility  of  the  perifcopic  glafs ; 

but  were  there  occafion  to  compare  more  nearly  the  circular 
areas  that  may  be  feen  with  equal  difilnctnefs,  they  w'ould  be 
found  to  differ  by  a  ratio  as  great  as  that  of  three  to  one. 

A  correfponding  This  difference  is  of  courlc  more  evident  in  glaffes  of  fo  high 

flialJovviT/icnfes.  Power  than  in  thofe  generally  ufed  by  long-fighted  perfons  for 
common  purpofes ;  but  it  cannot  be  doubted,  that  a  corre¬ 
fponding,  though  fmaller,  inequality  fubfifts  wherever  there  is 
the  fame  ditfimilarity  of  conflru&ion,  even  when  the  focal  dif- 
tance  is  longeft. 

Ccnclufion.  Tlie  advantage  in  queflion  is  therefore  indifputably  proved 

by  direct  experiment;  to  the  novelty  of  it  Mr.  J.  himfelf  has 
unintentionally  contributed  very  fatisfactory  evidence ;  but  as 
to  its  importance,  thofe  alone,  who  have  the  misfortune  to  la¬ 
bour  under  any  deleft  of  vifion,  muff  ultimately  decide. 

I  remain,  Sir, 

Your  obliged  humble  fervant, 

March  20,  1804-.  W.  H.  WOLLASTON. 


II. 

Additional  Obfervations  on  fame  remarkable  Strata  of  Flint  in  the 
Jjle  of  Wight,  in  a  Letter  from  Sir  Charles  Engle  field, 
Bart.  F.  R.  S.  to  John  Latham,  M.  D.  F.  R.  S.  andL.  S.* 
(See  Page  183  of  the  prefent  Number.) 

Dear  Sir, 

Obfervations  on  1  FEEL  much  flattered  at  the  notice  taken  of  jny  Paper  on 

ftrTtaofbflint  in  P*ts  ‘n  °*  Wight  by  the  Linnean  Society; 

the  Ifle  of  and  as  I  wifli  to  render  my  account  of  the  very  curious  appear- 
Wight.  ances  obferved  by  me  in  them  as  perfect  as  I  can,  the  follow¬ 

ing  additional  obfervations  on  the  fubjeft  made  during  a  fecond 
vifit  laft  year  are,  by  your  favour,  fubmitted  to  the  Society. 

*  Linnean  Tranfaftions,  Vol.  VI. 

The 
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The  pits  I  laft  year  infpe&ed  are  as  follow,  beginning  from  Obfervations  on 
the  ea(K  .  ftrata  fl-nt  *m 

Brading  pit,  which  is  at  the  eaftern  point  of  the  great  ridge,  the  1  fie  of 
where  the  valley  of  Rrading-haven  interfe&s  it,  and  feparates  Wl§^t* 
it  from  the  Yaverland-hill,  which  terminates  in  the  fea  at  Culver 
and  Bembridge.  A  road  cut  into  the  chalk  above  Knighton. 

Afliley-down  pit,  about  three  miles  eaft  of  Newport.  A  pit 
very  near  to  and  fouth  of  Carilbrook  cattle.  The  cliffs  and 
caves  of  Frethwater  bay,  both  eaft  and  weft  of  the  valley  which 
interfedts  them  entirely  and  runs  from  Frethwater  to  Yarmouth. 

The  Yaverland  chalk  is  therefore  the  only  part  which  I  have 
not  examined ;  and  little  doubt  can  be  entertained  of  its  fimiiarity 
to  the  reft  of  the  range,  to  which  it  evidently  belongs. 

In  Brading  pits  feme  flints  appear  in  detached  nodules,  and 
thefeare  found  and  unbroken. 

The  inclined  ftrata  of  flint  are  viftble,  but  not  to  advantage, 
owing  to  the  manner  of  working  the  pits.  In  thefe  ftrata  the 
flints  are  univerfally  fhattered,  fome  intoabfolute  powder,  others 
into  grofier  powder  and  fragments  mixed.  But  befldes  thefe 
ftrata,  the  chalk  in  this  pit  is  divided  by  vaft  perpendicular 
fiflures,  as  fmooth  as  plaifter  walis,  and  in  fome  ol  thefe  fif- 
fures  flint  has  formed,  which  appears  broken  like  that  in  the 
ftrata. 

The  road  above  Knighton  only  juft  cuts  into  the  chalk  ftra- 
tum,  but  all  the  flints  viftble  in  the  banks  are  extremely  mat¬ 


tered. 

The  pit  at  the  weft  end  of  Afliley-down,  near  two  large  bar- 
rows,  is  the  rnoft  extenftve  and  fatisfa&ory  ot  any  I  have  leen. 
The  perpendicular  face  of  the  chalk,  where  worked,  is  not  lefs 
than  fifty  or  fixty  feet,  and  its  direction  is  at  right  angles  to  that 
of  the  ftrata,  and  parallel  to  their  line  of  dip: — of  courfe  they 
are  feen  to  very  great  advantage.  The  ftrata  feems  to  dip 
northward  more  rapidly  than  in  any  other  place  where  I  could 
obferve  them.  The  angle  of  inclination  is  from  75  to  SO  degrees. 
There  are  not  layers  of  flints  between  every  layer  ot  the  chalk. 
Some  of  the  chalk  is  peculiarly  folid,  and  riles  in  very  large 
mafles  affeding  a  cubic  form.  Their  folid  vein  is  from  twenty- 
five  to  thirty  feet  thick,  and  is  in  ftrata  from  three  to  four  feet. 

In  all  this  folid  part  there  are  very  few  flints. 

Both  above  and  below  this  harder  bed  (fpeaking  of  the  ori¬ 
ginal  petition  of  the  ftrata)  the  chalk  is  fofter,  and  has  more 
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flints  in  it.  The  firatitied  flints  in  this  pit  are  full  as  much 
fliattered  as  any  I  had  feen.  The  nodules  are  not  at  all  broken. 
Many  of  the  bratibed  flints  are  much  defaced  in  this  pit  by  an 
admixture  of  pyrites,  fo  as  to  be  quite  opaque  like  a  coarfe 
jafper,  and  thefe  flints  are  much  fofter  than  the  others,  as  is  al¬ 
ways  the  cafe  in  the  impure  flints. 

In  the  chalk  pits  near  Carifbrook  the  brata  are  not  fo  vitible 
as  in  the  pits  north  of  the  cable  (deferibed  in  the  hi  d  papers) 
but  the  flints  are  to  the  full  as  finely,  though  perhaps  not  fo 
generally  broken.  In  one  flint  I  obferved  that  though  it  lay  in 
its  bed  undiflurbed,  chalk  as  if  in  a  fluid  bate  had  run  into  one 
of  the  hiTures.  Every  appearance  of  this  pit  indicates  that  the 
chalk,  fince  its  ftratification,  has  received  a  mob  violent  Ihock. 

The  chalk  at  Frefhwater  bay  appears  in  high  perpendicular 
cliffs,  particularly  on  the  weflern  fide  of  the  bay.  Both  on  the 
eab  and  weft  the  brata  dip  northward  near  SO  degrees,  and  the 
dip  feems  to  run  eab  and  web  very  regularly.  The  wedern 
cliff  has  a  very  regular  and  perpendicular  face  to  the  eab  ward ; 
and  here  the  parallel  diredlion  of  the  brala,  each  feparated  by 
a  thin  line  of  black  flint  prefents  a  mob  curious  appearance. 
The  flint  here  is  often  found  in  thin  plates  of  confiderable  ex¬ 
tent,  tometimes  not  above  an  inch  thick,  and  feems  formed 
from  each  fide  of  the  fpace  which  it  fills,  as  the  exterior  parts 
(or  thofe  neared  the  chalk)  are  the  pureb  and  blacked,  and  it  is 
gradually  whiter  towards  the  middle,  where  there  is  often  a 
loft  line  of  chalk  included  between  the  two  plates  of  flint.  All 
the  bratified  flints  are  more  or  lefs  blattered,  and  fome  are  re¬ 
duced  to  very  fine  powder.  The  cave  at  Frefhwater,  which 
is  really  a  beautiiulas  well  as  a  very  curious  one,  is  formed  by 
the  adtionof  the  fea  on  thefe  nearly  vertical  brata.  They  are 
of  different  hardnefs,  and  all  interfered  with  fiffures  at  right 
angles  to  the  brata.  When  the  fea  ads  on  and  wear.;  away  a 
toll  bratum,  a  gallery  is  formed,  and  the  upper  parts  of  the  dra- 
tum  between  fiffure  and  fiffure  drop  out,  much  in  the  fame  way 
as  bricks  are  apt  to  do  out  of  the  flat  arch  over  a  window,  the 
hardc r  con tiguous  brata  fei  ve  as  walls  to  the  gallery,  but  are  by 
(  cgices  perlorated  in  different  parts,  and  become  irregular  pil¬ 
lars,  fup porting  the  vab  weight  of  the  hills  above,  until  the 
action  of  the  fea  weakens  them  fo  far  that  they  fall,  and  a  part 
of  the  face  of  the  hill  goes  with  them,  fo  that  the  cave  is  con- 
bantly,  although  flovvly,  changing  its  form. 
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Larger  mattes  of  the  harder  drata,  defended  by  their  flint  Obfervations  on 
coating,  alfo  dand  up  in  the  bay  as  infulated  rocks  of  different  «markaWe 
diapes,  and  much  refembling  the  Needle  Locks,  which  are  j n*" the  Ifleof 
exactly  of  tlie  materials  and  formed  by  the  fame  procefs.  In  Wight, 
this  part  of  the  chalk  dratum,  I  law  feveral  foflils  remain  which 
I  had  fought  in  vain  in  the  pits  I  had  vidted.  One  was  dngu- 
lar,  it  had  the  appearance  of  part  of  a  very  large  (hell,  regu¬ 
larly  driated,  and  almoft  flat.  I  have  often  feen  fmall  frag¬ 
ments  apparently  of  a  fimilarfnell  in  chalk,  but  never  a  large 
piece.  It  was  fo  firmly  fixed  as  not  to  be  removed  without  a 
chi  del,  which  I  had  not. 

To  thefe  obfervations  on  the  chalk  of  the  ifland,  I  mud  add, 
that  this  whole  range,  although  really  chalk,  is  much  harder' 
than  the  chalk  of  the  South-downs,  infomuch  that  the  carpen¬ 
ters  cannot  ufe  it  for  drawing  lines,  but  import  chalk  for  that 
purpofe  from  Portfdown  hill  above  Portfmouth.  They  alfo  call 
the  ifland  chalk  by  the  name  of  marie,  which  is,  however  only 
the  Britifh  name  for  chalk,  and  appears  in  many  compound 
names,  fuch  as  Marl-borough  on  the  Wiltdiire  chalk  hills,  and 
the  very  fignificant  one  of  Albemarle,  or  white  chalk. 

As  I  have  made  fome  further  obfervations  on  the  fou them 
range  of  hills  which  form  the  back  of  the  ifland,  I  will  trefpafs 
on  your  patience  a  little  longer,  particularly  as  they  in  fome 
degree  contradict,  or  rather  correct,  what  I  had  advanced  on 
that  fubjeCt  in  my  former  letter. 

When  the  northern  front  of  thofe  hills  is  viewed  from  Afhley 
down,  the  dratum  of  done  mentioned  in  my  former  letter  as 
lying  direCtly  under  the  chalk  of  St.  Catharine’s  and  Dunnofe 
hills,  appears  every  where  to  maintain  an  horizontal  pofition ; 
and  fo  in  its  general  pofition,  particularly  in  its  northern  front, 
it  certainly  does,  but  jud  behind  the  village  of  Ventnor,  the 
dratum  entirely  difappears,  as  if  it  had  been  ingulphed  in  a 
great  chafm,  and  a  deep  and  narrow^  valley  runs  winding  into 
the  chalk  hill  of  St.  Boniface,  though  it  does  not  penetrate 
through  it,  which  feems  the  remains  of  the  fitturc  into  which 
the  done  had  funk. 

The  appearances  of  the  great  done  dratum,  from  Niton 
eadward  to  Ventnor  are  noted  as  follows  in  the  journal  made 
on  the  fpot. 

On  an  attentive  infpeCtion  of  the  drata  of  the  under  cliff, 

it  appears  that  the  great  dratum  of  rugged  and  laminated  done, 
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on  which  firfl  appears  at  the  weft  fide  of  St.  Catharine’s,  and 
thence  ranging  eaftward,  forms  the  front  of  the  cliff,  over¬ 
hanging  the  Underway  dip*;  in  its  fouthern  face  gently  to  the 
eaftward.  The  cliffs  at  Mirables  are  much  higher  above  the 
fea  than  thofe  at  St.  Laurence,  and  from  thence  they  decline, 
till  at  the  opening  of  the  hill  above  Ventnor  they  totally  dif- 
appear.  A  fmall  crag  juft  peeps  out  of  theeaftern  face  of  this 
dell,  and  the  whole  hill  of  St.  Boniface  is,  as  far  as  can  be  feen, 
compofed  of  chalk.  As  however  this,  like  all  other  chalk  hills, 
is  in  the  ftate  of  a  fteep  flope,  covered  with  turf,  perhaps  by 
giving  into  its  face  the  ftony  ftratum  might  be  difeovered.  It 
is  alfo  to  be  obferved  that  the  chalk,  which  is  not  vifible  above 
the  rock  at  Mirables,  begins  to  appear  foon  after,  and  grows 
gradually  thicker  as  it  proceeds  eaftward.  At  St.  Laurence  it 
forms  a  thick  cap  to  the  rocks  ;  and  at  Steephill  Shute,  its  thick- 
nefs  is  very  much  encreafed,  and  foon  after  nothing  but  chalk 
appears  in  St.  Boniface’s  hill.  In  what  form  the  rock  re-ap- 
pears  at  Dunnofe  to  the  eaft  of  St.  Boniface,  I  have  had  no 
opportunity  of  examining. 

I  fhould  not,  dear  Sir,  trouble  you  with  thefe  defe&ive  ob¬ 
fervations,  but  that  every  notice,  however  imperfe<5t,  may  be 
of  ufe  when  conne&ed  by  future  obfervations,  and  that  they 
may  ferve  as  a  ftimulus  to  other  travellers,  who  often  go  over 
this  beautiful  line  of  country,  to  turn  their  attention  to  its  lin¬ 
gular  natural  phenomena. 

I  fend  you  two  fpecimens  of  the  broken  flints,  one  from 
Brading,  the  other  from  near  Caritbrook,  but  the  tickets  are 
millaid,  and  I  am  not  fure  which  is  which, 

I  remain,  &c. 

Tilncy-Street,  May  26,  1801. 


III. 

Account  of  a  Machine  for  /weeping  Chimnies ,  by  a  Blaji  of  Air. 
In  a  Letter  from  Air.  J.  C.  Hornblower,  Engineer . 

To  Mr.  NICHOLSON, 

Dear  Sir, 

I  SHALL  be  much  obliged  if  you  will  allow  me  a  page  or 
two  in  your  Journal  for  adefeription  of  a  machine  I  have  lately 
got  up  for  the  purpofe  of  cleanfing  chimnies  from  foot.  My 
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wifli  is,  if  poffible,  to  keep  alive  the  (park  that  has  been  kindled 
by  a  truly  philanthropic  individual,  with  a  view  to  reflore  a 
degraded  rials  ot  our  fpecies  to  their  rank  in  civil  fociety.  The 
machine,  as  it  is  conflrufted  lolely  for  the  purpofe  mentioned 
above,  is  certainly  novel  in  its  intention,  and  without  a  better 
acquaintance  with  its  principle  and  operation  than  the  public 
are  at  prefent  in  pofi'etlion  of,  it  is  not  likely  to  gain  that  notice 
which  in  my  judgment  it  is  entitled  to.  There  is  a  propenfity  Propenfity  to 
in  us  to  turn  into  ridicule  any  thing  that  will  admit  of  a  ridi-  cions?^  ^nven“ 
culous  conftru&ion,  or  afford  an  opportunity  for  the  difplay  of 
our  wit;  and  fuch  is  (he  unfortunate  circuindance  of  this  ma¬ 
chine,  that  grinning  takes  precedence  of  gravity  the  moment 
it  is  announced  as  a  candidate  for  the  gold  medal  at  the  Adel- 
phi.  However,  happy  for  it,  and  thrice  happy  for  me,  there 
is  a  tribunal  which  can  judge  fairly  and  fcientifically  of  its 
merits,  for  which  I  prefent  it  as  follows. 

The  body  of  the  machine  A,  Plate  X III.  is  made  of  copper,  Defcription  of 

of  about  3lb.  to  the  fquare  foot,  and  its  contents  are  about  tjie  nPP^ratus< 

three  cylindrical  feet.  In  the  middle  of  the  cover,  which  iswhichairis 

folderecl  on,  is  a  fyringe  or  condenfer,  having  its  handle  as  conden^ed> cot^- 

J  °  °  mumcates  with 

appears  above  the  cover.  On  one  fide  of  the  cover  is  in ferted  a  tube  charged 

a  crooked  pipe,  having  a  valve  opening  inward  in  its  inner  or  Wltn  ^maii  . 

1  ,  ,  n  r  ,  •  ,  5  ,  ,  ,  ,  gravel,  which 

lower  end;  the  ftem  of  which  comes  up  through  the  pipe,  and  being  blown  up 

terminates  with  a  button  C.  The  pipe  is  continued  by  a  flex-  t^e  chimney 

ible  leather  one,  to  which  is  united  the  tin  plate  tube  B  B.  foot.  "  ^  ^  ^ 

This  tube  B  B  has  a  crofs  bar  of  tin  plate  fixed  edge- ways  in 
the  bottom  or  breech  of  the  tube  which  detaches  from  the 
leather  pipe  fomewhat  like  a  piflol  barrel,  leaving  a  piece  of 
tube  about  fix  inches  remaining  to  the  leather  pipe,  into  the 
bottom  of  which  this  cafe  bar  is  fixed,  and  ferves  to  receive  a 


charge  of  fmall  gravel,  having  a  piece  of  paper  firfi  laid  on  the 
crofs  bar;  the  other  part  of  the  tube  is  then  to  be  replaced, 
and  the  air-vefiel  fuppofed  to  be  full ;  the  valve  is  preffed  down 
by  a  little  lever  accompanying  the  machine,  and  its  contents 
are  difcharged  into  the  (haft  of  the  chimney;  and  if  there  is 
any  foot  worth  fweeping  away,  it  will  come  down. 


Obfervations  concerning  the  Machine. 

I  do  not  pretend  to  have  made  any  new  difeovery  in  the  This  operation 
conftruaion  or  application  of  the  machine,  for  it  is  well  known  ^1^tu°{ket 

that  a  mufket  has  often  been  applied  for  the  fame  purpole,  and  up  the  chimney. 

with 
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with  as  good  effect  as  need  be,  barring  the  hazard  of  Petting 
fire  to  the  foot;  and  indeed,  when  a  chimney  has  accidentally 
taken  fire,  it  is  the  bed  and  mod  expeditious  mode  of  putting 
it  out,  at  lead  of  bringing  the  foot  into  a  lituation  by  which  it 
may  be  ex tingu idled. 

I  have  laid  that  the  veffel  contains  nearly  three  cylindrical 
feet,  and  we  cannot  crowd  three  atmofpheres  of  air  into  it,  in 


Additional  tubes 
for  curved 
chirauics. 


its  eft'eft  in  the  which  cafe  there  will  be  42  lbs.  per  inch  fquare  at  round  num- 

chimney ;  toge-  [)ers  preffing  againfl  the  charge  in  the  tube,  or  rather  again d 
ther  with  that  of  ,  f  ,  ,  ,  •  T  .  5  ,  ..  n 

the  gravel.  the  valve,  the  tube  being  2|  inch  diameter,  which  amounts  to 

168  lbs.  for  the  whole  area.  This  air  will  all  be  difeharged  in 

one  fecond,  the  mean  velocity  of  which  may  be  fairly  reckoned 

at  50  feet,  in  that  time  having  impetus  in  itfelf  fufficient  to  carry 

away  any  foot  of  confequence  in  a  chimney  of  100  feet  high  ; 

but  when  we  take  into  the  account  the  charge  of  gravel,  being 

alternately  incident  and  reflected  on  all  fides  of  the  chimney, 

we  need  not  fear  to  affirm  that  it  is  perfectly  applicable  to  its 

intention. 

To  render  it  as  univerfal  as  poffible,  there  mud  be  another 
tube,  to  be  occafionally  ufed,  when  the  fide  of  the  chimney 
near  the  fire  place  is  gathered  over  in  order  to  bring  the  throat 
of  the  flue  over  the  fire,  as  at  Fig.  II.  from  a  to  b ,  or  it  fliould 
be  in  feveral  pieces,  to  conform  to  the  height  of  this  gathering, 
and  in  this  cafe  the  charge  mu  ft  be  at  the  upper  fiflure  at  b, 
and  the  pipe  flayed  as  perpendicularly  as  can  be  conveniently 
done;  for  which  purpofe  there  is  a  piece  made  to  fix  on  the 
pipe,  having  two  flems,  as  Fig.  III.  which  if  put  in  the  bear¬ 
ing  fide  of  the  pip  ',  will  keep  it  upright  and  in  the  crater  of 
the  flue.  The.  machine  thus  conflru£ted  is  to  be  laid  on  a  little 
truck,  and  tranfported  from  houfe  to  houfe,  with  a  gallon  of 
gravel  to  begin  with;  becaufe  until  it  has  obtained  the  good 
opinion  of  the  public,  it  would  not  be  neeeflary  to  attempt 
fuch  regulations  as  would  afterwards  be  deemed  requifite  to 
facilitate  the  operation. 

This  poor  thing,  brought  forth  under  other  difadvantages 
Sodety'of  Arts  keGdes  its  Angularity,  was  conducted  to  the  Adelphi,  to  un¬ 
in  the  Adelphi  dergo  an  eventful  trial,  in  competition  with  fome  others,  who 
had  no  fucb  Angularity  to  be  imputed  to  them;  they  being  all 
defeendents  of  the  dock  of  one  family,  the  remolefl  relation 
between  each  not  being  more  didant  than  coufin-german. — 
Cilic  •  chines  One  of  them  however  poflefled  great  originality  and  ingenuity 
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in  the  defign.  It  confided  of  a  congeries  of  bruflies,  which  in  Brufhes. 
preparation  for  action  were  collapfed  by  their  conftrudion  fo 
as  to  admit  of  being  thrufl  up  the  chimney  with  very  little  re¬ 
finance,  and  when  it  had  gained  the  top,  on  pulling  a  firing, 
it  expanded  to  the  dimenfions  of  the  chimney,  and  brought  the 
loot  down  before  it;  but  from  want  of  a  mechanical  attention 
to  its  conftrudion,  fome  parts  being  too  ftrong,  and  fome  too 
flight,  it  broke  in  the  firft  experiment. 

Another  (very  elegant  infirument)  was  prefented  to  the  A  Angle  brufh. 
committee,  confiding  of  a  large  brufh,  fuch  as  I  have  feen  in 
fome  churches  to  fweep  down  the  cobwebs,  with  a  fcraper  at¬ 
tached  to  it;  lengthened  to  the  height  of  the  chimney  by  a 
feries  of  whalebone  rods,  whipped  together  as  in  the  confiruc-  ' 
lion  of  waggoners*  whips,  very  accurately  jointed  to  each  other. 

Indeed  this  was  effential  and  common  to  them  all,  except  one; 
and  that  was  a  bruQi,  not  to  be  fent  up  the  chimney,  but  down 
it,  by  getting  on  the  top  of  the  houfe,  and  putting  it  into  the 
chimney,  and  fo  letting  it  fall  to  the  bottom.  However,  it  Notion  that  the 
was  faid,  they  would  all  do  very  well  but  mine,  as  a'  machine 
like  that  was  adopted  to  a  rectilinear  flue  only  ;  whereas  theirs  a  ftrait  flue, 
had  fo  many  joints  and  other  properties  to  conform  to  a  curva¬ 
ture,  that  they  would  be  lure  to  go  through  a  crooked  flue  as 
well  as  a  ftrait  one. 

When  the  late  Doctor  Johnfon  had  any  thing  advanced  to  The  fame 
him  of  the  marvellous  kind,  his  way  of  hefitation  to  admit  it,  demed* 
was  by  faying  “  It  may  be  very  true,  but  it  is  impoflible.” — 

So  I  fay  writh  refped  to  the  difpofition  of  thefe  rods,  when  fet 
in  competition  with  a  volume  of  air  going  at  the  rate-  of  fifty 
feet  in  a  fecond  from  the  lower  part  of  the  chimney  to  the  top. 

What  is  there  to  ftop  it  ?  What  is  there  to  prevent  its  conform¬ 
ity  to  the  curvature  or  angles,  if  you  will? 

The  manner  in  which  thefe  brulhes  ad,  let  their  conftrudion  To  blow  down 
be  what  it  may,  is  by  firiking  off  the  foot.  What  does  a  boy  „atu r°aUs  to 
within  the  flue  with  the  brufli  in  his  hand?  To  be  fare  fweep-  jiveep  it  down, 
ing  is  the  mod  appropriate  term  for  what  he  does;  but  then, 
unlefs,  we  attend  to  the  peculiarity  of  the  adion,  and  conli- 
der  how  far  it  is  poflible  to  efted  that  lweeping  by  another 
mode  of  adion,  we  (hall  not  get  any  further  than  the  boy  in 
the  flue.  But  is  it  not  as  eafy  to  conceive  of  a  quantity  of  air 
being  put  into  adion  along  a  road  or  a  ftreet,  lo  as  to  fweep 

jiway  the  dull  before  it  ?  No;  you  will  lay,  it  blows  it  along; 

but 
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The  term  fweep- 
ing  is  in  fome 
in  fiances  ufed  to 
cxprefs  the 
a&ion  of  wind. 


Inflances  of  the 
action  of  wind 
in  a  chimney. 


The  air  machine 
fweeps  chimnies 
of  all  heights, 
and  is  durable. 


It  was  tried  at 
the  Adelphi 
upon  chimneys 
that  coatained  no 

foot. 


but  the  term  blowing  affociatcs  only  with  the  accuftomed  notion 
of  the  a6tion  of  wind,  and  was  the  elTeft  to  be  produced  by 
the  agency  of  fleam;  the  term  blowing  would  more  eafily  be 
difmilfed,  and  we  might  call  the  action  driving  it  along. 

When  we  afl'ociate  this  agency  of  the  wind  with  ils  efle<5t 
on  a  field  of  ripening  corn,  we  conceive  of  it  /weeping  along 
or  over  the  corn;  and  the  fame  effect  would  follow,  were  we 
to  conceive  of  a  large  brufli  of  long  hair  carried  on  the  tops  of 
corn;  fo  that  however  popular  expreflion,  or  the  prejudice  of 
cuflom  may  operate  to  dittinguifh  the  caufes  producing  the  fame 
effect,  it  becomes  us  to  waive  fuch  diflinctions,  and  admit  the 
efficiency  of  the  one  as  much  as  the  other. 

I  haveobferved  that  when  a  door  has  been  fuddenly  opened 
or  (hut,  it  has  brought  down  foot  in  a  chimney  which  has  a 
fluggith  draft;  or  a  piece  of  paper  accidentally  thrown  on  the 
tire  has  had  the  like  efl'eft ;  and  this  by  a  momentary  accelera¬ 
tion  of  the  current  of  air  in  the  flue.  What  then  will  not  fuch 
a  machine  as  this  perform,  with  fuch  a  volume  of  air,  with 
fuch  a  velocity. 

One  circumffance  prefents  itfelf,  by  which  the  air  machine 
mutt  have  a  decided  preference  over  the  brufhes;  which  is  this, 
you  mutt  know  the  height  of  the  chimney,  and  adapt  the  length 
of  the  rods  to  that  height,  or  elfe  you  will  not  know  when  you 
are  in  the  flue  or  out  of  it.  Whereas  my  machine  knows  no 
neceflity  for  fuch  a  pun6tilio;  all  that  is  neceflary  being  only  to 
give  fo  many  fhocks  of  the  oondenfer  to  a  chimney  of  two 
flories,  and  fo  many  to  one  of  three,  and  fo  on.  And  again, 
thefe  brufhes  in  the  very  outfet  of  trial  made  with  them,  are 
fubjett  to  accidents,  and  will  molt  afluredly  wear  out  very  faff. 
What  mud  become  of  thofe  whalebone  rods  when  the  fewing 
is  rubbed  through  in  patting  up  and  down  againff  the  projec¬ 
tions  of  unceremonious  bricks  and  mortar  ?  What  repairs  will 
they  not  be  fubject  to  in  the  courfe  of  one  day’s  action?  Whereas 
the  air  machine  will  tweep  a  hundred  chimnies,  and  be  repaired 
for  two-pence;  it  wanting  only  a  little  oil  in  the  condcnfer. 

When  this  machine  was  carried  to  the  Adelphi,  it  came  to 
be  the  third  in  courfe  for  the  trial,  and  it  was  ordered  down, 
dozen  to  the  foundation  of  thehoufe,  for  fear  a  chimney  fliould 
not  be  found  high  enough  in  any  other  part  of  the  building. — 
But  when  it  was  brought,  behold  there  had  been  two  fweepers 
already,  which  obliged  -$ne  to  apologize  for  the  machine,  by 

oblerving 
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obferving  that  they  had  taken  down  all  the  foot,  and  left  no¬ 
thing  for  it  to  do  *.  Upon  which  a  fuggedion  was  made,  that 
there  was  another  chimney  which  had  a  fire  alternately  duifng 
the  winter  f ;  and  on  examination  it  was  agreed,  that,  by  the 
appearance  of  the  foot  about  the  bread  of  the  flue,  the  chim¬ 
ney  wa^  very  foul,  ol  which,  however,  I  had  my  doubts. 

But  it  was  thought  expedient  to  try  that  chimney ;  and  the 
fird  charge  we  gave  it  brought  no  foot.  We  gave  it  another 
charge,  but  no  foot  came  ;  and  it  was  thought  bed  to  fend  up 
a  boy,  with  proper  implements,  to  fweep  the  chimney  ;  but 
no  foot  came  down,  except  what  may  be  faid  to  be  brought 
away  by  violence,  and  did  not  exceed  a  quart-potful,  and 
with  it  much  mortar  or  pargetting. 

This  brings  me  to  fome  obfervations  I  have  made  on  the 
condition  of  chimnies  in  general,  as  to  the  foot  they  may 
contain. 

I  tried  this  machine  at  Shoreditch  Workhoufe,  where  the  Trials  of  the 
chimnies  are  very  lofty,  for  which  reafon  I  preferred  them  ;  ^her 'chimnies 
but  when  I  came  to  fee  their  circum dances  I  fufpedted  how  it 
was,  and  we  tried  two  of  them  where  the  fires  had  been  very 
economical,  and  may  continue  fo  winter  after  winter,  without 
ever  requiring  to  be  fwept  at  all,  for  reafons  I  will  give  by 
and  by.  I  then  went  to  a  neighbour  of  mine,  and  we  fwept 
two  of  his  chimnies;  one  had  no  foot,  the  other  had  a  good 
deal ;  and  we  thought  fit  to  get  a  boy  to  go  up  the  lad  chim¬ 
ney,  and  he  brought  down  about  a  hatful  of  foot;  however, 
my  neighbour  was  fatisfied,  and  figned  my  certificate  to  the 
Committee  at  the  Adelphi. 

We  then  wrent  to  another  neighbour’s,  and  fwept  his  parlour 
chimney,  and  difiodged  a  great  quantity  of  foot.  We  were 
to  have  fwept  his  kitchen  chimney,  but  it  having  a  fmoke-jaek, 
we  could  not  apply  the  machine  for  want  of  the  additional 
pipe  in  Fig.  2. 

*  It  appears  the  committee  had  no  regard  to  the  effect  of  any  of 
the  candidate’s  inventions,  any  further  than  a  fair  thruft  up  the 
chimney. 

f  With  another  in  the  fame  room  I  fuppofe. 


Recount 
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Account  of  the  Changes  that  hare  happened,  during  the  lajl  Twenty - 
five  Years,  in  the  relative  Situation  of  Double  Stars ;  with  an 
Jnvefiigation  of  the  CauJ'e  to  which  they  arc  owing.  By  Wil¬ 
liam  H e  r  s  c  h  e  l ,  LL.  D.  F.  R.  S.  From  the  Philofophical 
Tranfaciions  for  J  S03 . 


(Concluded  from  Page  227.) 


Obfervationsand  I  SHALL  now  enter  into  a  more  detailed  examination  of  the 
ipe^n^thc"  feveral  angles  of  pofition  I  have  taken  at  different  times,  and 
chapges  of  rela-  (how  that  they  agree  perfectly  well  with  the  appearances  which 
tivc  fituation  m  arjfe  ff0m  the  revolution  of  a  fmall  ftar  round  Cafior.  A 


ffars  extremely 
near  each  other. 


calculation  of  thefe  angles  may  be  had,  by  finding  the  annual 
motion  of  the  fmall  ftar,  from  the  change  of  21°  5V,  which  has 
been  fhown  to  have  taken  place  in  23  years  and  142  days. 
Accordingly,  I  have  given,  in  the  firft  column  of  the  following 
table,  the  time  when  the  angles  were  taken.  In  the  lecond, 
are  the  angles  as  they  were  found  by  meafure ;  they  are  all  in 
the  north-preceding  quadrant.  The  third  column  contains  a 
calculation  from  the  annual  motion  of  56',  18,  obtained  as  before 
mentioned  :  it  (hows  what  thefe  angles  (hould  have  been,  ac¬ 
cording  to  our  prefent  fuppofttion  of  a  revolving  ftar.  And 
the  laft  column  gives  the  difference  between  the  obferved  and 
calculated  angles. 


Times  of  the 
olfervations. 

Obferved 

angles. 

Calculated 

angles. 

Differences. 

i^ov.  5,  1779 

32u 

47  7 

! 

32° 

47 7 

0° 

O' 

Feb.  23,  1791  -  | 

22 

57 

1 

22 

1 1 

4 

0 

46 

Feb.  26,  1792  - 

27 

16 

21 

16 

4* 

6 

0 

Dec.  15,  1795  - 

13 

52 

1 

17 

42 

— 

3 

50 

Mm-Hi  26,  1800 

18 

8 

13 

41 

4- 

4 

27 

j  /April  23,  1800 

10 

30 

13 

37 

— 

3 

7 

Dec  31,  1801  - 

pp 

/ 

58 

12 

2 

— 

4 

4 

Jan.  JO,  1802  - 

10 

53 

12 

1 

— 

1 

8 

Jan.  23,  1802  - 

10 

28 

1  1 

59 

— 

1 

31 

Feb.  28,  1802  - 

t  13 

0 

1  t 

53 

4 

1 

py 

/ 

f  r>.  1  1,  1803  - 

7 

53 

1  1 

0 

1  - 

3 

7 

March  23,  1  803 

13 

23 

10 

54 

4  2 

29 

March  27,  1803 

10 

53 

10 

53 

1 

0 

0 

On 
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On  looking  over  the  fourth  column  of  this  table,  it  will  be  Observations  and 

found,  that  the  differences  between  the  obferved  and  calculated  in^ncc^ rc* 

angles  are  not  greater  than  may  be  expected,  considering  that  changes  of  rela- 

moft  of  the  early  meafures  are  finale,  and  cannot  have  the  ac-  *‘ve  fituatlon.in 

y  n  liars  extremely 

curacy  which  maybe  obtained  by  repetition.  Even  as  they  near  each  other* 
are,  we  muff  acknowledge  them  fuflicient  to  afcertain  the  gra¬ 
dual  change  in  the  angle  of  pofition  of  the  two  {tars.  In  one 
place,  the  difference  amounts  to  fix  degrees;  but  it  will  foon 
appear,  that  a  more  accurate  annual  motion  gives  a  calculated 
pofition  which  lakes  off  much  of  the  error  of  this  meafure. 

In  a  converfation  with  my  highly  efteemed  friend  the  Affro- 
nomer  Royal,  he  happened  fome  time  ago  accidentally  to  men¬ 
tion,  that  Dr.  Bradley  had  formerly  obferved  the  two  liars  of 
Geminorum  to  Hand  in  the  fame  direction  with  Caffor  and 
Pollux.  It  occurred  to  me  immediately,  that  if  the  time  of  this 
obfervation  could  be  nearly  afcertained,  it  would  be  of  the 
greatefl  importance  to  the  fubjedt  at  prefent  under  conlider- 
ation.  For,  fhould  Dr.  Bradley’s  pofition  be  very  different  from 
a  calculated  one,  it  would  induce  us  at  once  to  give  up  the  idea 
of  a  revolving  ffar.  The  obfervation  was  made  by  Dr.  Bradley 
with  a  view  to  fee  whether  any  change  could  be  perceived  in 
the  courfe  of  the  year,  by  which  the  annual  parallax  of  the  ffars 
might  be  difcovered.  Dr.  Malkelyne,  who  had  this  informa¬ 
tion  from  Dr.  Bradley  in  converfation,  had  made  a  memoran¬ 
dum  of  it  in  his  papers.  He  has  been  fo  kind  as  to  look  for  it ; 
and,  as  foon  as  he  found  the  note,  he  fent  me  the  following 
copy,  which  I  have  his  permiflion  to  tranfcribe. 

“  Double  ftar  Caftor.  No  change  of  pofition  in  the  two  Jlars  : 

**  the  line  joining  them,  at  all  times  of  the  year,  parallel  to  the  line 
“  joining  Caftor  and  Pollux  in  the  heavens,  feen  by  the  naked 
“  eye.” 

Dr.  Mafkclyne  informs  me,  that  the  obfervation  muff  have 
been  made  about  the  year  1759;  and  alfo  mentions,  that  he 
himfelf  verified  the  fadt,  as  to  the  line  joining  the  two  ffars  ap¬ 
pearing  through  the  telefcope  parallel  to  the  line  joining  Caffor 
and  Pollux,  in  1760  or  1761  ;  but  that  he  did  not  examine  it  at 
various  times  of  the  year. 

The  advantage  of  having  an  angle  of  pofition  obferved  in 
1759  by  Dr.  Bradley,  and  fo  foon  after  verified  by  Dr.  Maf- 
kelyne,  will  give  us  an  addition  ol  20  years  to  our  period.  On 

calculating  the  right  afeenffon  and  polar  diffance  of  Caffor  and 

Pollux 
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Obfervations and  Pollux  for  November  5,  1759,  it  appears,  that  a  line  drawn 
fpct^niTr' r<-~  ^rom  IJo!lux  through  CaPor,  muft  iiave  made  an  angle  ot 
changes  of  rela-  56°  32'  nortli  preceding  with  the  parallel  of  that  Par  ;  and,  this 
tive  iituation  in  bejn~  aJf0  the  pofition  of  our  double  Par,  we  have  an  interval 

near  each  other,  of  43  years  and  142  days,  for  a  change  of  45°  39',  from  the 
time  of  Dr.  Bradley’s  obfervation  to  that  of  my  laP  meal ure  of 
the  angle.  By  this  we  are  now  enabled  to  correct  our  former 
calculation,  which  was  founded  upon  a  fuppoption  that  the  firP 
angle  of  pop) ion  I  had  taken  was  perfect ;  but  this  could  hardly 
be  expected,  and  on  examination  it  appears  that  the  meafure 
was  2°  40'  too  little.  The  annual  motion,  by  our  increafed 
period,  is  1°  3',1  ;  and  the  computation  of  the  angles  of  po¬ 
fition  in  the  third  column  of  the  following  table,  as  well  as  the 
differences  contained  in  the  fourth,  are  made  according  to  this 
motion. 


Times 

of  the 

Obferved 

Calculated 

obfervations. 

angl 

es. 

angl 

cs. 

Differences. 

Nov.  5, 

1759  - 

56° 

32' 

5  6 

32' 

0° 

O' 

Nov.  5, 

1779  - 

32 

47 

35 

29 

2 

42 

Feb.  23, 

1791  - 

22 

57 

23 

3  6 

— 

0 

39 

Feb.  26, 

J  7  92  - 

27 

16 

22 

32 

4 

4 

4  I* 

Dec.  15, 

1795  -  |  13 

52  J 

18 

32 

- 

4 

40 

March  26 

,  1800 

18 

8  1 

14 

3 

4 

4 

5 

April  23, 

1  800 

10 

30 

13 

58 

3 

28 

Dec.  3  1 , 

1801  - 

7 

58 

12 

12 

— 

4 

14 

Jan.  10, 

1 802  - 

10 

53 

12 

10 

— 

I 

17 

Jan.  23, 

1802  - 

10 

28 

12 

7 

_ _ 

I 

39 

Feb.  28, 

1 802  - 

13 

0 

12 

1 

4- 

0 

59  ' 

Feb.  1  1 , 

1 803  - 

7 

53 

1  1 

l 

— 

3 

8 

March  23 

.  1803 

13 

23  1 

10 

54 

4 

2 

29 

March  27 

,  1  803 

10 

53 

10 

53 

0 

0 

When  the  refult  of  this  table  is  compared  with  that  of  the 
former,  it  will  be  feen  that  my  obfervations  agree  not  only  very 
well  with  Dr.  Bradley’s  pofition,  but  even  give  more  equally 
divided  differences  than  before,  fo  that  the  excefs  and  differ¬ 
ences  counteract  each  other  better  than  in  the  firP  table. 

1  he  time  ot  a  periodical  revolution  may  now  be  calculated 
from  the  arch  of  4.5°  39/,  which  has  been  deferibed  in  43  years 
.  ancJ  1  Td  days.  I  he  regularity  of  the  motion  gives  us  great 
reufon  to  conclude,  that  the  orbit  in  which  the  fraall  Par  moves 

about 
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about  Cador,  or  rather,  the  orbits  in  which  they  botli  move 
round  their  common  centre  of  gravity,  are  nearly  circular,  and 
at  right  angles  to  the  line  in  which  we  fee  them.  If  this  (hould 
be  nearly  true,  it  follows,  that  the  time  of  a  whole  apparent 
revolution  of  the  fmall  liar  round  Caflor,  will  be  about  342 
years  and  two  months. 


y  Leonis. 

Our  foregoing  difcuflions  will  greatly  abridge  the  arguments 
which  may  be  ufed,  to  fhew  that  this  dar  and  its  fmall  com¬ 
panion  are  alfo  probably  united  in  forming  a  binary  fyflem. 
But,  in  order  to  give  more  clearnefs  to  our  difquifition,  we 
(hail  follow  the  arrangement  which  has  been  ufed  with  «.  Ge- 
minorum,  and  prefix  the  fame  letters  to  our  paragraphs. 
Then,  if  any  one  article  fhould  appear  to  be  not  fufficiently 
explained,  we  need  but  turn  back  to  our  firfl  double  liar, 
where  the  fame  letter  will  point  out  what  has  already  been  faid 
more  at  large  on  the  fubjebl ;  and  an  application  of  it  may  eaii'y 
be  made. 

The  diftance  of  the  liars  y  and  x,  as  I  (hall  again  call  the 
fmall  one,  lias  undergone  a  vifible  alteration  in  the  lad  21 
years.  The  refult  of  a  great  number  of  obfervalions  on  the  va¬ 
cancy  between  the  two  ftars,  made  with  the  magnifying  powers 
of  27  8,  460,  657,  840,  932,  1504,  2040,  2589,  3168,  4294, 
5489,  and  6652,  is,  that  with  the  ftandard  power  and  aperture 
of  the  7-feet  telefcope,  the  interval  in  1782  was  £  of  a  diameter 
of  the  fmall  dar,  and  is  now  With  the  fame  telefcope,  and 
a  power  of  2010,  it  was  formerly  f  of  a  diameter  of  the  fmall 
dar.  and  is  now  full  1  diameter.  In  the  years  1795,  1796,  and 
1798,  the  interval  was  found  to  have  gradually  increaled  ;  and 
all  oblervations  confpire  to  prove,  that  the  dars  are  now  i  a 
diameter  of  the  fmall  one  farther  afunder  than  they  were  for¬ 
merly.  The  proportion  of  the  diameter  of  y  to  that  of  x,  T 
have,  by  many  oblervations,  edimated  as  5  to  4. 

The  fird  meafured  angle  in  1782,  is 7 °  37/ north  following  *; 
and  the  lad,  which  has  been  lately  taken,  is  6°  2T  fouth  fol- 

*  In  my  fecond  Catalogue  of  double  Stars,  (Phil,  Tranf.  for 
1785,  page  48,)  the  angle  of  pofition  is  5U  24k  This  was  taken 
April  18,  1783  ;  and,  not  being  acquainted  with  the  motion  of  the 
fmall  dar,  I  fuppofed  it  to  be  more  accurate  than  the  former 
roeafui^. 
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lowing.  The  fum  of  thefe  angles  gives  1 3°  58',  for  the  change 
that  has  taken  place  in  21  years  and  38  days.  To  account  for 
this,  we  are  to  have  recourse,  as  before,  to  the  various  motions 
of  the  three  bodies. 

Single  Motions. 

(a)  The  motion  of  x  alone  cannot  be  admitted,  fince  it  is 
known  that  7  Leonis  is  not  at  red.  The  annual  proper  motion 
of  this  ftar,  according  to  M.  De  la  Lande,  is  -j-  0^,38  in  right 
afeenfion,  and  0//,04  in  declination  towards  the  fouth. 

(/;)  7  cannot  be  the  only  moving  body;  becaufe  its  mo¬ 
tion  in  right  afeenfion  only,  which,  in  21,1  years,  at  the  parallel 
of  7,  amounts  to  7V,49,  would  have  long  ago  taken  it  away  from 
the  fmall  tlar. 

( c,  d,  e,)  The  fun  cannot  be  the  only  moving  body  ;  becaufe 
its  motion  in  right  afeenfion  will  not  account  for  that  of  7 
Leonis,  which  ftar  therefore  cannot  be  at  red.  And,  if  we 
were  willing  to  give  up  the  former  aflumed  folar  motion,  in 
order  to  fix  upon  fueh  a  one  as  would  explain  the  motion  of  7, 
we  (liould  be  under  a  neceffity  to  contradict  the  united  evi¬ 
dence  of  the  proper  motions  of  many  principal  dars  which  are 
in  oppolition  to  it. 

Double  Motions . 

(/)  When  two  motions  are  propofed,  we  cannot  fix  upon  7 
and  x  for  the  moving  bodies,  unlefs  we  fiiould  fet  atide  the 
folar  motion,  and  this,  we  know,  cannot  properly  admit  of  a 
doubt. 

(g)  That  we  cannot  allow  O  and  x  to  be  the  two  bodies  in 
motion,  follows  from  the  infufficiency  of  the  folar  motion  to 
account  for  that  of  7,  which  mud  be  real,  or  at  lead  partly  fo. 

(//)  It  O  and  7  are  the  moving  bodies,  the  given  fituations  of 
x,  in  the  years  1782  and  1783,  point  out  an  apparent  motion 
of  x,  which  mud  he  intirely  owing  to  the  folar  parallax  ;  and, 
therefore,  thole  who  will  admit  this  hypothecs,  mud  grant  the 
difeovery  of  the  motion  of  the  folar  fydem,  and  of  the  propor¬ 
tional  parailax  of  the  two  dars  y  and  x.  Let  us  however  exa¬ 
mine  whether  any  motion  of  the  fun,  fueh  as  we  can  admit, 
wiil  account  lor  the  change  of  pofition  and  didance  pointed  out 
by  my  obfervations  of  the  fmall  dar  near  7  Leonis. 
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The  joint  effect  of  proper  motion  and  parallax,  has  carried  y  Obfervationsanri 
from  its  fituation  in  1782  to  that  where  we  now  find  it.  The  |.n^nce*^re" 
linall  fiar,  having  all  this  time,  in  appearance,  accompanied  y,  change  of  rela- 
mult  have  gone  through  a  fpace  of  7,/,98,  in  a  direction  which  t,ve  filiation  in 
makes  an  angle  of  8°  30'  fouth  following  with  the  parallel  of  nwx  each^other* 
r,  in  order  to  be  at  its  prefent  difiance  from  ii,  and  at  the  fame 
time  to  have  undergone  the  required  change  of  its  angle  of  po- 
fition.  Now,  as  the  fuppofition  we  are  examining  requires  this 
fmall  fiar  to  be  actually  at  refi,  it  will  be  necefi'ary  to  affign  to 
the  fun  an  oppofite  motion  of  the  fame  velocity,  in  order  to 
make  that  of  a’ only  an  apparent  one.  The  confequence  of  this 
w  ill  be  a  retrograde  motion  of  the  fun,  which  if,  is  well  known 
cannot  be  admitted. 


Motion  of  the  three  Bodies. 

(i)  A  motion  of  all  the  three  bodies,  is  the  only  way  left  to 
explain  the  phenomena  of  our  double  fiar;  and  I  fhail  now 
again  point  out  the  very  particular  circumftances  which  it  is 
requifite  thou  Id  all  happen  together,  to  produce  the  intended 
effect. 

Let  the  motion  of  the  fun,  vyith  the  fame  annual  velocity  1, 
as  in  the  cafe  of  a  Geminorum,  be  directed  towards  x  Herculis. 
Then  the  effect  of  this  motion  will  fhew  itfelf  at  the  place  of 
y  Leonis,  in  the  annual  velocity  of  ,3314,  and  in  a  direction 
which  makes  an  angle  of  31°  1  V  fouth  preceding  with  the  pa¬ 
rallel  of  that  fiar.  In  this  calculation,  I  have  admitted  the  dis¬ 
tance  of  the  largefi  of  the  two  fiars  of  V  from  the  fun  to  be  3r 
that  of  a  Geminorum  being  2.  But,  if  any  other  difiance 
Ihould  hereafter  be  confidered  as  more  probable,  the  calcula¬ 
tion  may  be  eafily  adapted  to  it.  The  confequence  of  the  pa¬ 
rallax  thus  produced  on  y  Leonis  in  21,1  years,  will  be  an  ap¬ 
parent  motion  of  2//,788  fouth  preceding,  in  the  abovemen- 
tioned  direction  ;  and,  on  x,  it  will  be  in  the  fame  time,  and 
in  the  fame  direction,  1",091.  As  the  fmall  fiar  muft  not  be 
too  near  y,  we  have,  in  the  calculation,  fuppofed  it  to  be  at 
the  diftance  of  4  from  O. 

The  real  annual  proper  motion  of  y  is  required  to  be  3,5202; 
and  its  direction  rauft  make  an  angle  of  3°  40*  north  following 
with  the  parallel.  By  this  motion  alone,  y  would  have  pafied 
over  a  fpace  of  9//87  in  21,1  years ;  but,  when  it  is  combined 
with  the  apparent  motion  arifing  from  parallax,  the  fiar  will 
come  into  its  prefent  fituation. 
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Obfervations  and  The  real  annual  motion  of  x  mud  be  4,6294,  in  a  dire&ion 

inferences  re-  qo  qq?  fou^j1  following.  This  will  carry  it  over  9//,74,  in  21,1 
fpeftmg  the  ,  ,  °  '  .  ..  ,  •  . 

changes  of  rela-  years;  and,  when  combined  with  the  apparent  molion  which 

tive  fituation  in  fbJar  parallax  will  occafion,  both  together  will  bring  it  to 

near  each  other,  its  proper  didance  from  7  Leonis,  and  to  a  fituation  which  will 

agree  with  the  lad  obferved  angle  of  podtion. 

From  what  has  been  (aid,  it  is  again  evident,  that  not  only  as 
many  particular  circumdances  mud  concur  in  explaining  the 
phenomena  of  7  Leonis  as  we  have  pointed  out  with  «  Gemi- 
norum,  but  that  a  very  marked  condition  is  added  in  our  fecond 
double  dar,  which  requires  an  adjudment  of  velocities  in  y  and 
x,  which  fhall  alfo  fit  the  fame  f'olar  motion  that  was  ufed  in  a 
Geminorum.  And  this  proves,  that  every  additional  double 
dar  which  requires  the  fame  condition  in  order  to  have  its  ap 
pearances  explained,  will  inforce  the  arguments  which  have 
been  ufed,  in  a  compound  ratio. 

If,  on  the  other  hand,  we  have  recourfe  to  the  fimpl icily  of 
the  known  effe&s  of  attraction,  and  admit  the  two  liars  of  our 
prefent  double  dar  to  be  united  in  one  fydem,  all  the  foregoing 
difficulties  of  accounting  lor  the  obferved  phenomena  will 
vanifh.  Whatever  may  be  the  proper  motion  of  the  fun,  the 
parallax  arifing  from  that  caufe  will  affett  both  dars  equally, 
on  account  of  their  equal  didance  from  the  fun.  The  proper 
motion  of  y  Leonis  alfo  may  be  in  any  direction,  and  of  any 
given  velocity,  fuch  as  will  agree  bed  with  adronomical  ob¬ 
fervations;  fince  the  motion  of  a  fydem  of  bodies  will  not  in¬ 
terfere  with  the  particular  motion  of  the  bodies  that  belong  to 
it,  fo  that  our  fecondary  dar  will  continue  its  revolution  round 
the  primary  one  without  didurbance. 

It  will  now  be  necetfary  to  examine  the  obferved  angles  of 
polition,  and  to  compare  them  with  calculated  ones;  but,  as 
there  has  been  a  change  in  the  didance  of  the  two  dars,  it  is 
evident  that,  if  they  revolve  in  circular  orbits,  the  fituation  of 
the  plane  of  their  revolution  mud  be  confiderably  inclined  to 
the  line  in  which  we  fee  the  principal  dar. 

Let  N  F  S  P,  Fig.  2,  be  the  orbit  in  which  x  revolves  about 
*  placed  in  the  centre.  Suppofe  a  perpendicular  to  be  erected 
at  y  leading  to  O,  not  expretfed  in  the  figure.  By  an  obferva- 
tion  of  Feb.  16,  1782,  we  have  the  angle  F  y  x  =  7°  31'  north 
following  ;  and  the  proportion  of  the  apparent  diameter  of  y  to 
that  of  x  lias  been  given  as  5  to  4.  It  has  alfo  been  afeer- 
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lamed,  that  the  vacancy  between  the  apparent  diameters,  Obfervationsand 

when  the  firth  angle  of  pofition  was  taken,  was  I  diameter  of  j.n^ffnces  re- 

the  fmall  liar;  and  the  laft  angle  of  pofition  being  6°  2 1  'changes  of  rela- 

foulh  following,  with  a  diilance  between  the  liars  of  |  diame-  **ve  Situation  m 
c  1  c  11  n  .  .  r  ,  ftirs  extremely 

ter  or  the  linall  ltar,  we  obtain  the  two  points  or  centres  o 1  the  near  each  other, 

fmall  tlars  xx',  through  which  an  ellipsis  abxx'cd  may  be 
drawn  about  7.  This  will  be  the  apparent  orbit  in  which  the 
Imall  fiar  will  be  feen  to  move  about  7,  by  an  eye  placed  at  O. 

And  the  inclination  of  the  orbit  to  the  line  in  which  we  fee  the 
double  tlar,  will  be  had  fufficiently  accurate  to  enable  us  to  give 
a  calculation  of  the  feveral  angles  of  pofition  that  have  been 
taken.  The  elliptis  we  have  delineated  thews  that  the  frnal| 
fiar,  in  its  firfi  fitualion  x,  could  not  be  much  pad  its  conjunc¬ 
tion  at  b,  and  that,  confequently,  in  palling  from  x  to  x\  the 
parts  of  the  apparent  elliptical  arch,  which  are  projections  of 
the  real  circular  arch  h  h' ,  would  be  defcribed  in  times  nearly 
proportional  to  the  time  in  which  the  whole  arch  has  been  de¬ 
fcribed.  Upon  thefe  principles,  the  third  column  of  the  fol¬ 
lowing  table  has  been  calculated. 


Times  of  the 
obfervations. 

Obferved 

angles. 

Calculated 

angles. 

Differences. 

Feb.  16,  1782  - 

0  37'  nf 

7° 

31' 

0° 

0' 

April  18,  1783  - 

5 

24  nf 

6 

51 

-  1 

27 

Jan.  24,  1800 

3 

16  sf 

4 

15 

—  0 

59 

Feb.  19,  1800 

3 

23  sf 

4 

18 

-  0 

55 

March  26,  1800 

3 

47  sf 

4 

22  | 

-  0 

35 

Jan.  26,  1802  - 

6 

4  sf  | 

h 

D 

35  j 

+  0 

29 

Feb.  10,  1803  - 

3 

33  sf  I 

6 

16  | 

_  0 

+-4 

43 

March  22,  1803 

6 

32  sf 

6 

20 

+  0 

12 

March  26,  1803 

6 

21  sf 

6 

21 

0 

0 

The  difference  between  the  calculated  and  obferved  angles, 
contained  in  the  fourth  column  of  the  preceding  table,  is  fo  little, 
that  vve  may  look  upon  the  gradual  change  of  thele  angles  as 
eftablifhed  by  obfervation  ;  and  we  may  form  a  calculated  efti- 
mate  of  the  time  which  will  be  taken  up  by  the  mutual  revo¬ 
lution  of  the  two  fiars*  The  apparent  places  xx being  referred 
to  their  real  ones,  give  the  arch  h  h',  which  has  been  defcribed 
in  21  years  and  38  days  3  and  this  arch,  fecn  from  the  centre  y, 
is  about  6°  20' :  it  follows,  that  the  length  of  a  whole  revolu¬ 
tion  of  our  fmall  fiar  round  7  Leonis,  will  be  about  1200  years. 

S  2  *  MoatU' 
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*  Bootis. 

Observations nnd  This  beautiful  double  flar,  on  account  of  the  different  colours 
inferences  re-  0f  ^jie  ftars  ()f  vvhich  it  is  com po fed,  has  much  the  appearance 

changes  oAela- a  planet  and  its  fatellite,  both  tinning  with  innate  but  ditfer- 
tive  fituation  in  ently  coloured  light. 

near  each  other.  There  has  been  a  very  gradual  change  in  the  diftance  of  the 
twoflars;  and  the  refult  of  more  than  1 20  obfervations,  with 
different  powers,  is,  that  with  the  flandard  magnifier,  460,  and 
the  aperture  of  6,3  inches,  the  vacancy  between  the  two  flars, 
in  the  year  1781,  was  diameter  of  the  large  flar,  and  that  it 
now  is  1|.  By  tome  earlier  obfervations,  the  vacancy  was  found 
to  be  contiderably  lefs  in  1779  and  1780;  but  the  7-feet  mirror 
then  in  ute  was  not  fo  perfect  as  it  (hould  have  been,  for  the 
purpofe  of  fuch  delicate  obfervations.  By  many  eflimations  of 
the  apparent  fize  of  the  liars,  1  have  fixed  the  proportion  of 
the  diameter  of  s  to  that  of  r,  as  3  to  2.  Augufl  31,  1780,  the 
fir H;  angje  of  pofition  meafured  32°  19'  north  preceding*; 
and,  March  16,  1803,  I  found  it  44°  52',  alfo  north  pre¬ 
ceding  :  the  motion,  therefore,  in  22  years  and  207  days,  j* 
12°  33'.  It  ffiould  alfo  be  noticed,  that  while  the  apparent 
motion  of  ou  Geminorum,  and  of  y  Leonis,  is  retrograde,  that 
of  *  Bootis  is  dire6t. 

A  proper  motion  in  this  flar,  if  it  has  any,  is  fiill  unknown  ; 

,  our  former  arguments,  therefore,  cannot  be  applied  to  it,  with¬ 

out  fome  additional  confiderations  ;  and,  as  many  others  of  my 
double  flars  will  ftand  in  the  fame  predicament,  I  fhall  give  an 
outline  of  what  may  be  faid,  to  fliow  that  this,  and  probablj 
many  of  the  reft,  are  alfo  binary  fyllems. 

Single  Motions. 

[a — e )  If  e  Bootis  is  a  flar  in  which  no  proper  motion  can 
be  perceived,  we  may  infer,  from  the  highly  probable  motion  of 
the  folar  fyftem,  that  this  flar,  which  is  of  the  third  magnitude, 
and  on  that  account  within  the  reach  of  parallax,  muft  have  a 
real  motion,  to  keep  up  with  the  fun,  in  order  to  prevent  an 

*  The  angle  of  pofition,  in  my  fir  ft  Catalogue  of  double  Stars, 
Phil.  Tranf.  for  1782,  page  115,  is  31°  34'  (it  fliould  be  54  ) 
north  preceding.  This  will  be  found  to  be  a  mean  of  the  three  firft 
mtafures  hereafter  given  in  a  table  of  pofitions. 
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apparent  change  of  place,  which  mull  otherwife  have  hap- Obfcrvations  and 

pened.  In  this  cafe,  no  tingle  motion  can  be  admitted  to  ex-  inferences  re- 
i  .  ,  ,  r  ,  .  Ipectmg  the 

plain  the  phenomena  ot  our  double  ltar.  But,  it  a  real  proper  change  of  rela- 

rootion  of  t  Bootis  thou  Id  hereatter  be  alcertained,  the  argu-  tlve  tituat>on  in 

ments  we  have  ufed  in  the  cafe  of  y  JLeonis,  will  lead  to  the  near  each™thL. 
fame  conclufion. 


Double  Motions . 

(f)  t  and  x  cannot  be  the  moving  bodies ;  and  our  former 
argument  (f)  will  apply  to  ever)  double  dar  whatfoever. 

(g)  O  and  x  cannot  be  alone  in  motion  ;  for,  if  no  motion  in 
*  can  be  perceived,  it  mud  move  in  a  fimilar  manner  with  the 
lun,  and  none  of  the  three  bodies  will  be  at  red.  But,  if  its 
proper  motion  fliall  hereafter  be  found  out,  it  mud  either  be 
exadtly  the  reverie  of  the  folar  motion,  and  therefore  only  an 
apparent  one,  or  it  will  be  more  or  lefs  different.  In  the 
latter  cafe,  all  the  three  bodies  mud  be  in  motion  ;  in  the 
former,  the  exact  quantity  of  the  folar  motion  will  be  difeo- 
vered,  and  the  relative  parallax  of  many  dars  may  be  had  by 
obfervation. 

( h )  If  O  and  t  are  the  two  bodies  in  motion,  and  if  at  the 
fame  time  no  motion  in  e  can  be  perceived,  then  the  apparent 
motion  of  x  mud  be  inti  rely  owing  to  the  different  effedt  of  the 
folar  parallax  on  e  and  x ;  but  the  effect  of  the  folar  parallax  on 
x,  can  only  be  in  a  direction  contrary  to  the  motion  of  the  fun, 
which,  being  north  following  the  fmall  dar,  whether  it  be 
nearer  or  farther  from  us  than  f,  mud  have  an  apparent  motion 
towards  the  foulh  preceding  part  of  the  heavens.  But  this  is 
diredtly  in  oppodtion  to  my  obfervation  of  the  motion  of  the 
fmall  dar,  which,  thefe  lad  23  years,  has  been  directed  to? 
wards  the  north  following. 

Motion  of  the  three  Bodies , 

(i)  Let  the  motion  of  the  fun  be  again  towards  a  Herculis  j 
then,  if  no  motion  in  s  Bootis  be  perceivable,  it  mult  move 
exactly  like  O.  Highly  improbable  as  it  is,  let  it  be  admitted. 

Then,  in  addition  to  this  extraordinary  fuppofition,  a  third 
motion  is  alfo  required  for  x,  which,  aided  by  the  folar  parallax, 
is  to  carry  it  likewife  within  a  quarter  of  a  diameter  of  e,  into 
the  fame  place  where,  though  unperceived,  the  large  dar  has 
£>pen  carried  by  its  own  motion  •  that  is,  in  order  to  be  appa- 

•  fently 
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Obfervationsand  rently  at  reft,  the  fun,  £  Bootis,  and  its  (mail  companion,  mud 

fpcflt^n^thc6”  move  alike,  fetting  afide  the  very  little  difference  in 

change  of  rela-  the  pofition  and  didance  of  the  fmall  dar,  which,  in  the  whole, 

tive  Situation  in  arnounts  to  little  more  than  6-tenths  of  a  fecond  :  than  which, 
ltars  extremely  ,  .  ' 

near  each  other,  certainly  nothing  can  be  more  improbable. 

Bat,  if  i  fliall  hereafter  be  found  not  to  have  been  at  red 
daring  the  time  of  my  obfervations  upon  it,  then  its  place  will 
be  given  ;  and,  fincealfo  the  fituation  ot  \r,  with  refpedt  to  t, 
is  to  be  had  from  my  angles  of  pofition  and  diliances  of  the 
two  dars,  the  cafe  will  be  fimilar  to  that  which  has  already 
been  conlidered,  in  the  paragraph  (j),  under  the  head  of  y 
Leonis. 

I  may  here  add  a  remark  with  regard  to  e  Bootis,  which  will 
be  applicable  to  feveral  more  of  my  double  dars.  In  the  milky- 
way,  a  multitude  of  fmall  dars  are  profufely  fcattered,  and 
their  arrangement  is  very  different  from  what  we  perceive  in 
thofe  parts  of  the  heavens  which  are  at  a  confiderable  didance 
from  it.  About  e  Bootis,  which  is  dtuated  in  what  I  have  for¬ 
merly  called  dguratively  a  nebulous  part  of  the  heavens  *,  there 
are,  comparatively  fpeaking,  hardly  any  dars ;  and,  that  fo 
remarkable  a  dar  as  e  fhould  have  a  companion,  feems  almod 
to  amount  to  a  proof  that  this  very  companion  is,  as  it  appears 
lobe,  a  connected  dar.  The  onus  pro bandi,  therefore,  ought 
in  judice  to  fall  to  the  fliare  of  thofe  who  would  deny  the  truth 
of  what  we  may  call  a  fa£t ;  and  I  believe  the  utmod  they  could 
do,  would  be  to  prove  that  we  may  be  deceived  ;  but  they  can¬ 
not  (how  that  this  dar  has  no  connexion  with  i  Bootis. 

This  argument  will  be  much  fupported,  when  we  condder 
that  many  of  the  double  dars  in  the  milky-way  are  probably 
fuch  as  have  one  of  the  fcattered  dars,  nearly  in  the  fame  line, 
at  a  great  didance  behind  them.  In  this  cafe,  the  two  dars  of 
the  double  dar  have  no  connexion  with  each  other;  and  the 
great  number  of  them  in  the  milky-way,  is  itfelf  an  indication 
of  this  effect  of  the  fcattered  multitude  of  fmall  dars.  In  the 
lingle  condellation  of  Orion,  for  indance,  we  have  no  lefs 
than  43,  pointed  out  by  my  catalogues ;  ten  of  which  are  of 
the  fird  clafs,  and  yet  have  undergone  no  change  of  didance 
or  pofition  fince  I  fird  perceived  them.  But,  with  apparently 
infulated  dars,  fuch  as  £  Bootis,  the  cafe  is.jud  the  reverie, 

*  See  Phil.  Tranf.  for  1784,  page  449. 

If, 
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If,  in  confequence  of  our  former  arguments,  and  the  prefent 
remarks,  we  place  e  Bootis  among  the  liars  which  hold  a  fmailer 
one  in  combination,  we  may  delineate  its  orbit  as  in  Plate  VIII. 
Fig.  3. 

Let  P  N  F  S  reprefent  a  circle,  projected  into  the  elliptical 
orbit  axx'bcd.  f  is  the  large  Par  ;  and  x  xf  are  the  fir  ft  and 
laft  meafured  north  preceding  filuations  of  the  fmall  one,  as 
given  in  the  following  table. 
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Obfervations  and 
inferences  re- 
fpedting  the 
change  of  rela¬ 
tive  fituation  in 
ftars  extremely 
near  each  other* 


Times  of  the 
obfervations. 

Obferved 

angles. 

Calculated 

angles. 

Differences. 

Aaguft  3 1 ,  1780  j 

32° 

19' 

33° 

58' 

-  1 p 

39' 

March  13,  1781 

30 

21 

34 

13 

-  3 

52 

May  10,  1781  - 

33 

1 

1 

34 

18 

—  1 

17 

Feb.  17,  1782  - 

38 

26 

34 

40 

+  3 

46 

Augult  18,  1796 

45 

32 

l 

41 

40 

+  3 

52 

Jan.  28,  1802  - 

49 

IS 

44 

19 

-f-  4- 

59 

Auguft  31,  1802 

46 

47 

1 

44 

36 

i  +  2 

1  1 

March  23,  1803  j  43  43  |  44  52  j  -  1 


9 


March  26,  1803  j  44  52  |  44  52 


0  0 


The  real  motion  from  h  to  //  is  projected  into  that  from  x  to 
xr;  and,  while  the  elliptical  arch  fubtends  an  angle  of  12^  33', 
the  circular  one  will  be  about  4Q  50 '. 

From  the  figure  of  the  orbit,  we  may  conclude  that  the  fmall 
flar,  in  its  firft  pofttion,  at  x  or  h,  was  not  more  than  between 
30  and  40  years  paft  its  conjunction;  and  that,  confequently, 
the  parts  of  the  arch  x  x' ,  were  nearly  proportional  to  the  times 
of  their  being  deferibed.  The  pofitions  have  been  calculated 
upon  this  principle;  but  with  fome  allowance  for  the  firft  ob¬ 
ferved  angle,  which  I  tuppofe  to  have  been  a  little  too  tmall ; 
and,  though  the  differences  of  the  obferved  and  calculated 
angles  are  pretty  conftderable,  the  obfervations  are  ftill  tuffi- 
ciently  confident  to  prove  the  gradual  change  ot  the  fituation 
of  the  fmall  ftar. 

The  quantity  of  the  change  in  22  years  and  207  days,  will 
fhow  that  a  periodical  revolution  cannot  take  up  lefs  than  1681 
years.  The  real  figure  and  fituation  ot  the  orbit,  with  many 
other  particulars,  are  ftill  unknown ;  it  is,  therefore,  unnecef- 
fary  to  point  out  the  uncertainties  in  which  the  inveftigation  of 
the  periodical  time  of  the  Imall  ftar  about  t  Bootis  muft  long 
remain  involved. 


£  Herculis . 


CAUSE  OF  THE  CHANGES  OF  RELATIVE 


f  llcreuHs. 

Observations  My  obfervations  of  this  ftar  r iirni Qi  us  with  a  phenomenon 

ref  edin^the  *s  nevv  *n  aftronomy  ;  it  is,  the  occultation  of  one  ftar  by 

changes  of  rela-  another.  This  epoch,  whatever  be  the  caufe  of  it,  will  be 

tive  fituation  in  equally  remarkable,  whether  owing  to  folar  parallax,  proper 
ftars  extremely  M  J  .  *  ,  •  ,  r  ,  •  ,  •  •  . 

near  each  other,  motion,  or  motion  in  an  orbit  w'hole  plane  is  nearly  coincident 

with  the  vifual  ray.  My  firft  view  of  this  ftar,  as  being  double, 
was  July  18,  1782.  With  460,  the  ftars  were  then  \  diame¬ 
ter  of  the  fmall  ftar  afunder.  The  large  ftar  is  of  a  beautiful 
bluifh  while,  and  the  fmall  one  afli-coloured. 

July  21,  of  the  fame  year,  J  meafured  the  angle  of  pofition, 
20Q  42'  north  following.  With  the  ftandard  power,  the  dif- 
tance  of  the  ftars  remained  as  before.  With  9557,  they  were 
one  full  diameter  of  the  fmall  one  afunder. 

l 

In  the  year  1795,  I  found  it  difficult  to  perceive  the  fmall 
ftar;  however,  in  October  of  the  fame  year,  I  faw  it  plainly 
double,  with  460;  and  its  pofition  was  north  following. 

Other  bufinefs  prevented  my  attending  to  this  ftar  till  the 
year  1802,  wffien  I  could  no  longer  perceive  the  fmall  ftar. 
Sometimes,  however,  I  fulpedted  it  to  be  ftill  partly  viftble; 
and,  in  September  of  the  fame  year,  with  460,  the  night  being 
very  clear,  the  apparent  difk  of  {  Herculis  (eemed  to  be  a  lit¬ 
tle  lengthened  one  way.  With  the  ten-feet  telefcope,  and  a 
power  of  600,  I  faw  the  two  ftars  of  v  Coronae  very  diftindtly; 
and,  having  in  this  manner  proved  the  inftrument  to  aCi  well, 
J  directed  it  to  £  Herculis,  and  found  it  to  have  the  appearance 
of  a  lengthened,  or  rather  wedge-formed  ftar;  after  which,  I 
took  a  meafure  of  the  pofition  of  the  wredge. 

Our  temperature  is  feldom  uniform  enough  to  permit  the  ufa 
of  very  high  powers;  however,  on  the  1  1th  of  April,  1803,  I 
examined  the  apparent  cliik,  with  a  magnifier  of  21 40,  and  found 
it,  as  before,  a  little  diftorted ;  but  there  could  not  be  more  than 
about  of  the  apparent  diameter  of  the  fmall  ftar  wanting  to  a 
complete  occultation.  Mod  probably,  the  path  of  the  motion  is 
not  quite  central;  if  fo,  the  di(k  will  remain  a  little  diftorted, 
during  the  whole  time  of  the  conjunction.  Our  prefent  obferva- 
tions  cannot  determine  w'hich  of  the  ftars  is  at  the  greateft  dif- 
tance;  but  this  will  oceafion  no  difference  in  the  appearance; 
for,  if  the  fmall  ftar  fliould  be  the  neareft,  its  light  will  be 

equally  loft  in  the  brightnefs  of  the  large  one. 

*  ■  ,  •  *  1 

The 
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The  obfervations  I  have  made 


on  this  ftar,  are  not  fufficient  Obfervations 


to  direCt  us  in  the  inveftigation  of  the  nature  of  the  motion  by 
which  this  change  is  occafioned. 

We  may  however  be  certain,  that  with  regard  to 

Single  Motions. 


and  inferences 
refpe&ing  the 
change^  of  rela¬ 
tive  fituation  in 
ftars  extremely 
near  each  other* 


( a,  b)  Neither  x  nor  £  can  be  fuppofed  to  be  the  only  mov¬ 
ing  bodies,  without  contradicting  the  highly  probable  argu¬ 
ments  for  the  fun’s  molion. 

C c ,  d)  If  we  admit  the  fun  to  be  the  moving  body,  the  {tars 
£  and  x  being  at  reft,  we  may  calculate  the  effeCt  of  the  folar 
parallax  upon  them,  as  follows.  Let  Omove  towardsAHerculis, 
with  the  annual  velocity  1 ,  as  in  the  cafe  of  a  Geminorum ;  then, 
from  the  fituation  and  magnitude  of  the  large  ftar  of  £  Herculis, 
which  we  will  fuppofe  4  m,  the  effeCt  of  the  folar  motion  at  £ 
will  be  only  ,0522 ;  and,  at  a-,  fuppofed  to  be  at  the  diflance  5m, 
it  will  be  ,0418.  This  will  tliow  itfelf  at  the  parallel  of  £  in  a 
direction  of  25°  5'  north  preceding,  the  folar  motion  being  in 
the  oppofite  direction  fouth  following.  But  this  parallax  will 
only  produce,  in  20  years  and  10  months,  an  apparent  change 
of  0V  ,444  in  and  of  0 ",355  in  x;  and  will  feparate  the 
/tars,  inftead  of  bringing  them  to  a  conjunction. 

(e)  A  confiderable  advantage  may  be  gained,  by  placing  a? 
at  a  little  more  than  the  diflance  of  £  from  O.  For  as,  in  the 
above-mentioned  time,  this  would  make  the  effect  of  parallax 
upon  it  1//  ,18,  a  conjunction  thould  now  take  place.  But  then 
the  /tars,  though  very  near  each  other,  would  not  be  quite  in 
contaCt;  much  lefs  could  one  of  them  occafion  an  occultation 
of  the  other.  The  fuppofition  alfo,  that  the  fmall  ftar  fhould 
be  only^-  of  the  diftance  of  the  large  one  from  us,  is  not  very 
favourable  to  the  hypothefis. 


3  Serpent  is. 

This  double  ftar  has  undergone  a  very  confiderable  change 
in  the  angle  of  pofition,  but  none  in  the  diftance  of  the  two 
/tars.  The  5th  of  September,  1782,  an  accurate  meafu re  of  the 
pofition  was  42°  48'  fouth  preceding;  and  February  7,  1802,  it 
meafured  61°  27'  fouth  preceding.  In  19  years  and  155  days, 
therefore,  the  fmall  ftar  lias  moved,  in  a  retrograde  order,  over 
an  arch  of  18°  39', 

u  i  i  • »  §  '  t  t  *  .  ,  ) 


Every 
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CAUSE  OF  THE  CHANGES  OF  RELATIVE 


Obfervations  Every  argument,  to  examine  thecaufe  of  this  motion,  which 

^ias  keen  u!ed  with  e  Bootis,  in  the  paragraphs  from  (a)  to  ( i), 

changes  of  rela-  will  completely  apply  to  this  ftar;  from  this  we  may  conclude^ 

tivf  fuu  ’.non  in  £|ia^  qiemoft  natural  wav  of  accounting  for  theoblerved  changes, 
ftars  extremely  .  .  '  °  ° 

near  each  other,  is  to  admit  the  two  liars  to  form  a  binary  fyftem.  In  this  cafe 
we  calculate,  with  eonliderable  probability,  that  the  periodical 
time  of  a  revolution  of  the  final!  ftar  round  2  Serpentis,  mull 
be  about  375  years. 


y  Virginis. 

This  double  ftar,  which  has  long  been  known  to  aftronomers,* 
has  undergone  a  vifible  change  fince  the  year  1780,  when  I 
firft  began  my  obfervations  of  it.  The  21  ft  of  November, 
1781,  I  meafured  the  pofttion  of  the  two  liars,  which  was 
40°  44'  fouth  following.  The  liars  are  fo  nearly  equal,  that  I 
have  but  lately  afeertained  the  following  one  to  be  rather  larger 
than  its  companion ;  the  pofttion,  therefore,  ought  now  to  be 
called  north  preceding.  By  a  mean  of  three  meafures,  that  were 
taken  on  the  15th  of  April,  1 803,  the  angle  was  30°  20'  np. 

The  diftance,  as  far  as  eftimations  by  the  diameter  can  deter¬ 
mine,  when  the  ftars  are  fo  far  afunder  as  thefe  are,  remains 
without  alteration.  May  21,  1781,  they  w'ere  2\  diameters 
afunder;  and,  by  eftimations  lately  made,  with  the  lame  in- 
ftrument  and  power  as  were  ufed  21  years  ago,  the  ftars  are 
ftill  at  the  fame  diftance  of  2\  diameters. 

A  very  lmall  proper  motion  in  declination,  of  0V,02  towmrds 
the  fouth,  has  been  aftigned  to  this  double  ftar;f  but  the  quan¬ 
tity  is  hardly  fufficient  for  us  to  rely  much  upon  the  accuracy 
ol  the  determination.  I  fhall  therefore  rather  c.onftder  y  Virginis 
as  one  of  the  ftars  of  which  wre  have  no  proper  motion  afeer¬ 
tained;  and  the  arguments  to  which  I  fhall  refer,  will  confe- 
quently  be  thofe  which  have  been  given  with  e  Bootis. 

The  change  of  the  angle  of  pofttion,  in  the  time  of  21  years 
and  145  days,  amounts  to  10°  24';  from  which  we  obtain  the 
annual  motion  of  297,16.  The  obferved  and  calculated  angles, 
with  their  differences,  on  which  it  will  not  be  neceffary  to 
make  any  remarks,  are  in  the  following  Table. 

*  Memoires  de  l' Academic’  des  Sciences.  Ann.  1720. 

t  CGn>;oi(fance  dcs  TemfSy  Annee  VI.  page  213. 
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Times  of  the 
Obfervations. 

Obferved 

angies. 

Calculated 

angles. 

Differences. 

Nov.  21,  1781  - 

40  u 

44'  | 

40  °  W 

|  '0° 

0' 

Jan.  29,  1802 

|  28 

22 

30  5 1 

-a 

29 

April  15,  1  803  - 

|  30 

20 

30  20 

0 

0 

May  28,  1803  - 

|  32 

2 

|  30  17 

1  +1 

45 
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Obfervations 
and  inferences 
refpe<fting  the 
changes  of  rela¬ 
tive  lituation  in 
fiars  extremely 
near  each  other. 


As  a  confirmation  of  the  accuracy  of  thefe  obfervations,  we 
may  have  recourfe  to  a  pofition  of  the  lame  fiars,  deduced  from 
the  places  of  them,  as  they  are  given  in  Mayer’s  Zodiacal 
Catalogue.  By  two  obfervations  reduced  to  the  beginning  of 
the  year  1756,  the  preceding  one  was  3V,S  before  the  other  in 
right  afcenfion,  and  5;/,3  more  north  than  that  ftar.  From  this 
we  calculate  the  pofition,  wrhich  was  54°  2l/  37"  north  pre-, 
ceding.  The  interval  from  the  111  of  January,  1756,  to  the 
21ft  of  November,  1781,  is  25  years  and  325  days.  When 
this  is  added  to  the  period  I  have  given,  we  have  47  years 
and  105  days,  for  a  motion  of  24p  2'.  The  annual  motion, 
deduced  from  this  lengthened  period,  w'hich  is  30', 5,  differs 
lefs  than  1  \  minute  from  that  which  has  been  calculated  from 
my  obfervations.  With  the  affiftance,  therefore,  of  Mayer’s 
obfervations,  which  greatly  fupports  our  calculation,  we  may 
conclude,  that  the  two  ftars  of  y  Virginis  revolve  round  each 
other  in  about  708  years. 


V. 

Account  of  the  Invention  of  the  Compound- Barrel  and  Winch , 
and  its  ufeful  Application  on  a  Large  Scale.  In  a  Letter  from 
Mr.  J.  J.  Hawkins. 

To  Mr.  NICHOLSON. 

SIR, 

In  No.  25  of  your  ufeful  Journal,  p.  50,  you  mention  the 
compound-barrel  and  winch,  as  the  invention  ot  the  celebrated 
Mr.  George  Eckhardt. 

Not  in  the  leaft  wiftiing  to  fubtrad  from  the  well  known  in-  The  compound 
ventive  talents  of  that  Gentleman,  I  beg  leave  to  lay,  that,  was  a]f0  jn. 
if  it  was  invented  by  him,  it  was  alfo  invented  to  my  certain  vented  by  Mr. 
knowledge,  by  the  late  Mr.  Robert  Me  Kean  of  Philadelphia, 
fon  to  the  prefent  governor  of  Pennfylvania. 

4 


Mr. 
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In  i795or  1796 . 
Defcription. 


t>imenfions  and 
application  of  a 
Compound 

bairel. 


Its  power  as  one 
fro  twenty. 


A  common 
tackle  would 
have  required 
five  times  as 
much  rope  ; 

but  thinner* 


This  windlafs 
does  not  run 
down* 


It  prpmifes  to  be 
extenfively  ufe- 

ful. 


Mr.  Me  Kean  communicated  the  idea  to  me  2  few  days 
after  it  firft  occurred  to  him,  in  the  year  1795  or  1796  ;  his 
plan  differed,  however,  in  two  points,  from  that  deferibed  in 
your  Journal ;  for,  firftly,  he  made  ufe  of  handfpik.es  applied 
into  holes  in  the  end  of  the  largeft  barrel,  whenever  the  winch 
did  not  afford  him  fufficient  power;  and,  fecondly,  when  he 
found  it  necelfary  to  raife  any  thing  above  the  level  of  his 
windlafs,  he  added  two  other  pullies  for  the  rope  to  pafs 
over. 

About  the  year  1797,  Mr.  Me  Kean  ere£led  a  faw-mill 
worked  by  a  fleam  engine,  at  JBordenton  in  New  Jerfey  5 
where  he  employed  this  crane  to  raife  his  logs,  from  the  ground 
to  the  frame  on  which  they  were  to  be  cut,  being  a  height  of 
about  twelve  feet ;  the  circumference  of  the  largeft  barrel  was 
about  fix  feet,  and  its  length  three  feet  ;  the  fmalleft  barrel 
was  of  the  fame  length,  and  its  circumference  three  feet, 
making  the  difference  of  their  circumferences  three  feet ;  and, 
confequently  one  turn  of  the  barrels,  raifed  the  log  one  foot 
fix  inches ;  and  eight  turns  only  were  fufficient,  to  elevate  it 
the  height  required. 

This  windlafs  was  turned  with  handfpikes  fix  feet  long; 
which,  af  the  place  where  the  power  is  generally  applied, 
would  deferibe  a  circle  of  about  30  feet;  fo  that  the  power 
obtained,  is  as  one  to  twenty.  The  length  of  rope  neceffary, 
including  that  which  paffes  round  the  pullies,  and  from  thence 
to  the  barrels,  is  about  55  feet. 

Now  in  order  to  raife  a  weight  12  feet  high,  with  a  power 
of  one  to  twenty,  by  means  of  the  common  block  pullies, 
no  lefs  than  270  feet  of  rope  is  necelfary  ;  there  is,  however, 
this  difference  in  the  fizes  of  the  ropes,  that,  in  the  former 
cafe  fupporting  one  half  of  the  weight  to  be  raifed,  whereas 
in  the  latter  it  has  only  to  fuflain  one  twentieth  part  of  it. 

The  windlafs  has  the  peculiar  property  of  holding  the  weight 
at  any  part  of  its  rife  or  fall,  without  needing  a  ratchet-wheel 
and  catch  ;  by  reafon  of  the  two  parts  of  the  rope  pulling  on 
oppofite  fides  of  the  barrels;  and  although  one  pulls  on  a 
longer  lever  than  the  other,  yet  it  is  not  fufficient  to  overcome 
the  trillion  on  the  axis,  which  mufl  of  neceflily  be  large  ,  in 
order  to  give  the  requifite  ftrength  to  the  machine. 

I  have  lately  introduced  a  fmall  windlafs  of  this  kind,  into 
a  piece  of  machinery  requiring  alternate  elevation  and  de- 

preffionj 
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preflion,  and  find  it  extremely  convenient ;  and  I  have  no 
doubt  it  will  be  adopted  in  a  great  variety  of  machinery  when 
its  valuable  properties  are  generally  known. 

I  am. 

Sir,  Yours,  &c. 

J.J.  HAWKINS. 

1 1 ,  New  Life  Street, 

March  17,  1804. 


VI. 


Propofol  for  conftru&ing  a  Galvanic  Apparatus  of  Great  Power, 
for  the  Combujltion  of  Metals.  By  a  Correfpondcnt.  I.  R.  I.  - 

To  Mr.  NICHOLSON. 

SIR, 


degree  the  galvanic  power  of  inflaming  metals,  took  its  origin  COOI~ 

from  Mr.  Wilkinfon’s  paper  on  that  fubjedt  in  your  laft  Journal ; 
and  I  beg  that  if  you  think  this  communication  can  be  of  the 
fmalleft  ufe  to  that  ingenious  gentleman,  that  you  will  fend  it 
to  him  before  publication. 

I  can  hardly  think  that  it  could  have  efcaped  his  penetra-by  one  fiagle 
tion,  (though  I  cannot  account  for  his  omitting  the  obfervation)  rlateor  Pair* 
that  the  natural  eonfequence  of  his  difcovery  relative  to  the 
ratio  by  which  the  galvanic  trough  increafes  in  its  power  of 
inflaming  metals,  is,  that  the  maximum  of  effect  will  be  pro¬ 
duced  (from  a  given  furface,)  by  one  pair  only  ;  fo  that  the 
fame  furfaceof  metal  that  in  his  apparatus  at  prelent  confirudt- 
ing  and  diffributed  into  50  pairs,  w’illburn  108  feet  of  fteel  wire 
of  an  inch  thick,  it  concentrated  into  one,  will  have  the 
fame  effedt  on  5400  feet  of  the  fame  wire  ;  an  enormous  in- 
creafe  of  a  power  that  may  become  as  noble  a  prefent  to  the 
arts,  from  fcience,  as  the  fleam-engine  has  proved. 

I  havealfo  turned  my  thoughts  towards  making  a  new  form  Defcription  of 
of  apparatus,  on  the  above  principle,  fo  as  to  condenfe  it  into  ^ 
as  little  bulk  as  poffible.  The  Ample  infpedlion  of  the  draw  ing 
accompanying  this  will  fufficiently  illuftrate  it ;  the  (calc*  is  of 
three  inches  to  a  foot,  (PI.  XV.)  it  reprefents  part  of  lheground 
plan  of  a  trough,  of  about  ten  feet  long,  two  feet  broad,  and  twoaud 

half  feet  deep  ;  the  black  line  reprefents  the  copper,  the  dotted 

the 
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Naturalifts  fre¬ 
quently  too  ere. 
dtflvus. 


the  zinc,  the  white  the  acid  liquor,  and  the  (haded  part  the 
wood:  the  fcale  is  made  large  for  the  fake  of diftinflnefs  ;  two 
fpigots  or  turncocks  are  adapted  to  the  end  by  which  the  liquor 
may  be  drawn  off;  a  contrivance  of  great  ufe,  but  impradlica- 
ble  in  the  prelent  form  ;  only  two  convolutions  of  the  plates 
are  exprefled,  and  the  turns  are  made  about  three  inches  wide, 
to  facilitate  the  foldering  of  the  zinc  plates  to  the  copper ; 
the  liquor  is  confined  in  as  fmall  a  fpace  as  poffible,  to  prevent 
the  unnecelfary  wade  of  acid.  It  may  alfo  be  condru&ed 
with  one  metal  only,  on  Mr.  Davy’s  plan  ;  in  that  cafe,  the 
fulphuret  will  occupy  one  fide  of  the  plate,  and  the  acid  the 
other.  Hoping  that  the  above  may  merit  a  place  in  your 
very  excellent  Journal,  and  be  of  ufe  to  my  fellow  labourers 
in  feience, 

I  remain.  Sir, 

Your  moft  obedient  humble  Servant, 

X.  R.  I.  an  old  Correfpondent. 

Edinburgh,  March  13,  1801. 


VII. 


A  Memoir  concerning  the  Fafcinating  Faculty  which  has  been  af~ 
cribed  to  the  Ruttle-Snukc  and  other  American  Serpents.  By 
Benjamin  Smith  Barton,  M .  D  * .  From  the  American 
Tranjadlions,  Vol.  IV. 


i  IDEM  NON  ABSTULIT  ERROR. 

^Naturalists  have  not  always  been  philofophers.  The 

Uight  and  luperficial  manner  in  which  they  have  examined 


*  Since  this  memoir  was  read  before  the  Society,  it  has  been  con- 
fiderably  altered,  and  fomewhat  enlarged.  I  hope,  the  alterations 
will  render  it  more  worthy  of  the  notice  of  thofe  who,  like  myfelf, 
derive  pleafure  and  happinefs  from  the  contemplation  of  the  works 
and  operations  of  nature,  on  this  globe. 

1  fear,  I  (hall  be  thought  to  have  treated  the  queflion  in  too  dif- 
fufive  a  manner.  I  have  not,  indeed,  laboured  to  be  concife.  But 
if  the  memoir  is  more  extenfive  than  was  neceffary,  I  flatter  myfelf, 
it  will  be  admitted  that  it,  at  lead,  contains  fome  new  and  intereft* 
ing  fa&s.  I  fubmit  it  to  its  fate.  B.  S.  B. 

This  interefling  paper  has  been  deferred  from  thepreflure  of  other 
matter  of  more  immediate  and  temporary  claim.  W.  N. 
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many  of  the  fubjedts  of  their  fcience ;  the  credulity  which  has 
accompanied  them  in  their  refearches  after  truth,  and  the  pre¬ 
cipitancy  with  which  they  have  decided  upon  many  queftions 
of  importance,  are  proofs  of  this  alfertion. 

There  is  a  queftion  in  natural  hiftory  that  has,  in  an  efpecial  Fafcination  by 
manner,  folicited  from  me  thefe  obfervations.  I  mean  the 
queftion  concerning  the  fafcinating  faculty,  which  lias  been 
afcribed  to  different  kinds  of  American  ferpents.  It  is  my 
intention  to  examine  this  queflion,  in  the  memoir  which  I  now 
prefent  to  the  Philofophica!  Society. 

Of  this  fafcinating  faculty  we  have  all  heard  and  read.  In 
many  of  our  country  dtuations,  there  is  hardly  a  man  or  a 
woman,  who  will  not,  when  the  fubjedt  comes  to  be  men¬ 
tioned,  ferioufly  relate  fome  wonderful  ftory,  as  a  convincing  - 
proof  of  the  dodtrine.  Children  feem  taught  to  believe  it.  generally  bellev- 
I  think,  it  is  fometimes  one  of  the  earlied  prejudices  im-  ed  in  Amuica* 
printed  on  their  tender  minds.  It  is  a  prejudice  which  often 
increafes  with  their  years;  and  even  in  that  happy  period  of 
life  when  the  mind  is  mod  firm,  and  the  leaft  propenfe  to  the 
belief  of  extraordinary  things,  the  ways  of  which  we  are  not 
capable  of  fcanning,  I  have  knowm  this  prejudice  fo  deeply 
and  fo  powerfully  rooted,  as  to  mock  the  light  and  furenefs  ot 
fadts,  and  all  the  drength  of  reafoning. 

It  is  not  my  intention,  in  this  memoir,  to  give  an  analyfis,  or  Examination  of 
complete  viewr,  of  every  thing  that  has  been  written  on  the 
fubjedt.  Nor  is  it  my  intention  to  examine  the  many  dories, 
related  by  authors,  in  fupport  of  the  fafcinating  faculty  of 
ferpents.  For  the  fird  talk,  I  have  not  leifure  ;  and,  as  to 
the  fecond,  I  diould  think  my  time  ill  employed  in  pointing 
out  the  grols  abfurdities  winch  feem  to  conftitute  a  neceffary 
part  of  many  of  thofe  dories.  I  think  it  proper,  however,  to 
obferve,  that  I  have  anxioufly  fought  for,  and  have  patiently 
perilled,  the  volumes  of  tales  publiflied  in  favour  ol  the 

doctrine  which  1  mean  to  controvert. 

I  aim  at  giving  a  general,  though  correct,  view  of  the  General  view, 

quedion,  uninfluenced  by  the  bold  aflertions  ot  ignorance, 
or  by  the  plaudble  conjedtures  ot  fcience.  In  the  invediga- 
tion  of  the  quedion,  I  have  fought  for  fadts:  thefe  have  been 
my  guides.  I  have  ftudioudy  endeavoured  to  follow  where 
they  feemed  to  lead.  Perhaps,  they  have  led  me  adray. 
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D*;fcr!ption  of 
the  fuppofed 


The  manner  in  which  the  fuppofed  fafcinating  power  of 
ferpents  is  exerted  has  often  been  related,  by  different  writers. 
I  fhall  endeavour  to  convey  fomc  idea  of  the  bulinefs,  in  a t 
few  words  as  I  can. 

The  fnake,  whatever  its  fpecies  may  be,  lying  at  the  bottom 


m  fafcnating 
•cher  animals* 


jrocefsof  ihak.es  of  the  tree  or  bu(h  upon  which  the  bird  or  fquirrel  fits,  fixes 
its  eyes  upon  the  animal  which  it  defigns  to  fafcinate  or  en¬ 
chant.  No  fooner  is  this  done  than  the  unhappy  animal  (I 
ufe,  for  the  prefent,  the  language  of  thofe  who  differ  from  me 
in  opinion,  on  this  fubjedt)  is  unable  to  make  its  efcape.  It 
now  begins  to  utter  a  molt  piteous  cry,  which  is  well  known 
by  thofe  who  hear  it,  and  underltand  the  whole  machinery  of 
the  bufinefs,  to  be  the  cry  of  a  creature  enchanted.  If  it  is 
a  Iquirrel,  it  runs  up  the  tree  for  a  fhort  diftance,  comes  dow'n 
again,  then  runs  up,  and,  Jafily,  comes  lower  down.  "  On 
that  occafion,”  lays  an  honeft  but  rather  credulous  writer  *, 
“  it  has  been  obferved,  that  the  fquirrel  always  goes  dowrn 
more  than  it  goes  up.  The  fnake  Hill  continues  at  the  root  of 
the  tree,  with  its  eyes  fixed  on  the  fquirrel,  with  which  its 
attention  is  fo  entirely  taken  up,  that  a  perfon  accidentally 
approaching,  may  make  a  confiderable  noife,  without  the 
fnake’s  fo  much  as  turning  about.  The  fquirrel  as  before 
mentioned  comes  always  lower,  and  at  laft  leaps  down  to  the 
Inake,  whofe  mouth  is  already  wide  open  for  its  reception. 
The  poor  little  animal  then  with  a  piteous  cry  runs  into  the 
fnake's  jaws,  and  is  (wallowed  at  once,  if  it  be  not  too  big  • 
but  if  its  fize  will  not  allow  it  to  be  fwallowed  at  once,  the 
fnake  licks  it  feveral  times  with  its  tongue,  and  fmoothens  it, 
and  by  that  means  makes  it  fit  for  fwal lowing  f” 

Other  accounts  It  would  be  eafy  to  cite,  from  different  authors,  other  ac- 

are  not  matcml-  counts  of  the  manner  in  which  the  enchantment  is  performed  ; 
ly  different.  ,  .  ,  ,  ,  r  , 

or,  more  properly  (peaking,  ot  the  condudf,  or  behaviour,  ot 

the  enchanting  and  enchanted  animals.  But  between  thefe 
accounts,  there  is  hardly  a  fpecific  difference.  There  is  con¬ 
fiderable  unity  in  all  the  relations  that  I  have  heard,  or  read. 


*  Profeffor  Peter  Kalm. 

■f  Travels  into  North-America  $  containing  its  natural  hi ftory, 
and  a  circumftantial  account  of  its  plantations  and  agriculture  in 
general,  See.  Sec.  vol.  i.  p.  317  Sc  318.  Alfo  vol.  ii.  p.  207,  208# 
200  &  210.  Engliih  Tranilation.  London  :  1770  &  177 1 . 

However, 
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However,  thofe  who  wifli  to  examine  this  part  of  the  fubjedl 
more  fully,  will,  at  leaft,  receive  fome  degree  of  entertain¬ 
ment  from  the  perufal  of  the  many  authors  who  have  believed 
and  aflerted,  that  ferpents  pofTefs  a  power  of  fafcinating  other 
animals. 

That  the  belief  in  the  exigence  of  this  power  fhould  have 
been  fo  general  among  the  uninformed  part  of  a  people,  ought 
not  to  be  wondered  at.  The  human  mind,  unenlightened  by 
fcience,  or  by  confiderable  reflection,  is  a  foil  rich  in  the 
weeds  of  fuperftition,  and  credulity.  It  is  ever  prone  to 
believe  in  the  wonderful,  even  when  this  belief,  as  is  often 
the  cafe,  brings  with  it  fears,  aifd  cares,  and  mifery.  The 
bondage  of  the  mind  in  fuperftitious  credulity  is  great  and 
heavy.  Neither  religion  nor  virtue  can  give  it  its  freedom*, 
This  it  obtains  from  fcience.  How  important,  then,  even  in 
this  point  of  view,  is  the  enlargement  of  the  mind  by  fcience! 

But  it  is,  furely,  a  matter  of  force  aflonifhment,  that  this 
belief  fhould  have  been  admitted,  in  all  the  fulnefs  of  its  ex¬ 
travagance,  by  men  of  learning,  of  obfervation,  and  of  genius : 
by  thofe  who  have  the  book  of  nature  in  their  hands ;  that,  book 
which  will,  in  fome  future  and  fome  happier  age,  eradicate 
many  of  the  prejudices  which  disfigure,  and  which  mock  the 
dignity  of  human  nature:  by  claflical  fcholars,  grown  old  in 
the  difbelief  of  flmilar  fables,  heightened  and  embelhfhed  by  the 
charms  of  poetry  ;  and  alio  by  the  infidel,  who  denies  the 
authenticity  of  fcripture-miracles,  few  of  which,  even  though 
they  were  not  fhown  to  be  truths,  are  more  improbable  than 
the  imaginary  fact  which  I  am  examining. 

I  have  fought  to  difcover  the  original,  or  fource  of  this 
belief.  I  do  not  find  any  traces  of  it  among  the  ancient  writers 
of  either  Greece  or  Rome.  I  think,  it  is  moll  likely  that  no 
fuch  traces  can  be  found.  Lucan,  had  ferpents  been  thought 
to  poflefs  a  fafcinating  faculty  in  his  age,  and  in  the  country 
in  which  he  lived,  would,  probably,  have  availed  himfelf  of 
its  exiflence,  in  his  beautiful  account  of  the  march  of  Cato’s 
army  through  the  Libyan-Defert* ;  and  had  fuch  a  notion 
prevailed  in  the  earlier  days  of  Lscretius,  would  we  not  find 
fome  mention  made  of  it  in  the  poem  De  lterum  Ncitura,  one 
of  the  finefl  and  moft  varied  produdlions  of  the  human  mind? 
Claflical  fcholars  may  poflibly,  however,  difcover  the  dawn 
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expected  j 


but  it  isftrange 

that  men  of 
ability  have 
alfo  admitted 
thefe  fads. 


This  notion  is 
not  found  in  the 
writings  of  the 
ancients. 


of 


*  Pharfalia,  lib.  IX. 
Vol.  VII. — April,  1304.  T 
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It  does  not  ap¬ 
pear  to  have 
originated  nor 
•o  be  much,  if 
at  ail,  admitted 
among  the  In¬ 
dians. 


of  this  notion  in  Greek  and  Roman  authors,  unread  by  me. 
On  this  fubjecl,  I  have  not  puttied  my  inquiries  as  far  as  I 
wittied  to  have  done.  It  is  not  unlikely  that  I  may  examine 
the  queflion  more  curioufly,  at  fome  future  period. 

It  is  probable  that  in  the  mythology  of  Afia  and  of  Africa, 
we  fliall  difcover  fome  traces  of  this  notion,  fo  intimately 
connected  with  the  fuperfiitious  credulity  of  a  people,  and 
even  fo  naturally  arifing  out  of  an  imperfect  view  of  the 
manners  of  ferpents. 

If  we  believe  the  Reverend  Dr.  Cotton  Mather  *,  Mr.  Dud¬ 
ley  f,  and  other  perfons,  who  had  refided  in  North- America, 
we  are  to  look  for  the  beginning  of  this  ridiculous  notion 
among  our  Indians.  How  far,  however,  this  is  really  the 
cafe  may,  I  think,  be  doubted.  It  is  certain  that,  at  prefent, 
the  opinion  is  by  no  means  univerfal  among  the  Indians. 
Several  intelligent  gentlemen,  who  are  well  acquainted  with 
the  manners,  with  the  religious  opinions,  and  with  the  in¬ 
numerable  fuperfiitious  prejudices  of  the  Indians,  have  in¬ 
formed  me,  that  they  do  not  think  thefe  people  believe  in  the 
notion  in  queftion.  My  friend  Mr.  John  Heckewelder,  of 
Bethlehem,  writes  to  me,  that  he  does  not  recoiled!  to  have 
heard  the  Indians  fay  that  fnakes  chami  birds ;  though  he  has 
frequently  heard  them  fpeak  of  the  ingenuity  of  thefe  reptiles 
in  catching  birds,  tquirrels,  &c.  Mr.  William  Barlram  fays, 
that  he  never  underflood  that  the  nations  of  Indians  among 
whom  he  travelled  had  any  idea  of  the  fafeinating  power  of 
fnakes  | .  On  the  other  hand,  however,  a  Mohegan-Indian 
told  me  that  the  Indians  are  of  opinion  that  the  rattle-fnake 
can  charm,  or  bewitch,  fquirrels  and  birds,  and  that  it  does 
this  with  its  rattle,  which  it  fhakes,  thereby  inviting  the  animals 
to  defeend  from  the  trees,  after  which  they  are  eafily  caught. 
According  to  this  Indian,  his  countrymen  do  not  think  that 
the  fnake,  in  any  manner,  accomplitties  the  bufinefs  with  its 
eyes.  A  Choktah-Indian  allured  me  that  the  rattle-fnake  does 
charm  birds,  &c,  but  he  was  honeft  enough  to  confels  that  he 

*  The  Philofophical  Tranfa&ions,  abridged,  vol.  v.  part  ii. 
»o.  339.  p.  16‘2. 

•f  Ibid.  vol.  vi.  part  iii.  no.  376.  p.  45. 

t.  MS.  note,  communicated  to  me  by  this  ingenious  gentleman. 

did 
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did  not  know  in  what  manner  it  does  it.  The  interpreter, 
through  whom  I  converted  with  this  Indian,  laid  that  the  i'nake 
charms  by  means  of  its  rattle. 

The  veneration,  or  regard,  which  has  been  paid  to  the  SomeNorih- 
rattle-fnake  by  certain  North- American  tribes  teems,  at  firll  had  veneration 

light,  to  favour  the  opinion,  that  thefe  tribes  attributed  to  for  the  rattle- 

v*7  *  /-  | 

this  hideous  reptile  fume  hidden  power  *,  perhaps  that  of  nJ  "  * 
tafeinating  animals.  Mr.  William  Bartram  informs  me,  that 
tiie  fouthern  Indians,  with  whom  he  is  acquainted,  feem  to 
hold  the  rattle-fnake  in  a  degree  of  veneration  f.  Mr.  Heeke- 
vvelder  fays  that,  to  his  certain  knowledge,  this  reptile  was 
once  held  in  particular  elleem  by  the  Delawares.  He  was 
feveral  times  prevented,  by  thefe  Indians,  from  killing  the 
rattle-fnake,  being  told  that  it  was  their  grahd-father,  and, 
therefore,  muff  not  be  hurt.  At  other  times,  he  was  told,  he 
mutt  not  kill  this  fnake,  becaufethe  whole  race  of  rattle-fnakes 
would  grow  angry,  and  give  orders  to  bite  every  Indian  that 
might  come  in  their  way  t.  But,  of  late,  efpecially  among 
thole  Indians  who  have  had  connexion  with  the  whites,  thefe 
ridiculous  notions  have  mouldered  away,  and  our  Indians,  at 
prefent,  kill  their  rattling  “  grandfather”  with  as  little  cere¬ 
mony  as  the  Efkemaux  are  faid  to  kill  their  parents  in  old- 

age* 

It  is  obvious,  from  contemplating  the  manners  and  the  which  feems  to 
biftory  of  nations,  that  a  part  of  their  religions,  and  a  large  oft  he  religious 

part  of  the  fabrick  of  their  fuperfiilious  notions,  have  arifen  Bftem  grounded 

on  fear. 

*  Vis  abdita.  Lucretius; 

•f  MS.  note  communicated  to  me. 

J  In  my  Hijiorical  and  Pbilofopbical  Inquiry  (not  yet  publilhed), 

I  have  collected  many  fa£!s  which  feem  inconteftibly  to  prove,  that 
the  mythology,  or  fuperftitious  religion,  of  the  Americans  is  a 
fragment  of  that  mythology  whole  range  in  Alia,  and  in  Africa,  has 
been  fo  extenfive.  Poflibly,  the  veneration,  or  regard,  which  was 
paid  to  different  kinds  of  ferpsnts  in  America  did  not  oiiginate  in 
this  continent,  but  had  its  fource  in  Afia,  from  which  portion  of 
the  globe  (after  a  long  and  laborious  attention  to  the  fubjeft)  I  can¬ 
not  doubt,  that  almoft  all  the  nations  of  America  are  derived.  It 
is  unneceffary,  in  this  place,  to  cite  inftances  of  the  religious  venera¬ 
tion  which  was,  and  ftill  is,  paid  to  feme  lpecies  of  lerpents,  in 
various  parts  of  the  old-world.  Thefe  inftances  mult  be  familiar  to 
every  perfon,  who  is  acquainted  with  the  hiftorians  or  with  the 
poets  of  antiquity,  and  with  the  hiftory  of  the  Gentoo-Indies. 

T  2 
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It  is  not  likely 
that  they  vene¬ 
rated  the  fnake 
from  a  belief  of 
its  fafcination. 


out  of  fear.  Perhaps,  all  mankind  <  admit  the  exigence  of 
two  great  beings,  the  one  good  and  all-benevolent,  the  other 
bad  and  Pudious  of  evil.  In  our  own  continent,  where,  I 
believe,  this  notion  was  univerfal,  certain  tribes  were  adiduous 
in  their  adoration  of  the  latter  being,  whilft  the  former,  whom 
the  light  of  reafon  taught  them  to  confider  as  the  fource  of 
life,  and  all  their  bletlings,  was  merely  acknowledged  and 
named,  but  unworfhipped  and  neglc&ed  f.  The  Delawares, 
and  fomc  other  nations  who  (peak  dialects  of  their  language, 
believe  that  a  turtle,  of  an  enormous  fize,  inhabits  the  deep, 
and  fupports  upon  his  back  this  continent,  or,  as  they  call  if, 
ifland.  They  fav  it  is  in  the  power  of  this  animal,  by  diving, 
to* drown  the  world,  as  he  has  already  done,  in  former  ages. 
They,  therefore,  endeavour  to  conciliate  his  friendfhip  and 
good-w'ill.  With  this  viewq  they  make  rattles  of  the  turtle- 
ihell,  into  which  they  put  fmall  Pones,  beans,  or  Indian-corn 
and  play  with  this  inftrument,  at  their  dances.  The  turtle  ls 
greatly  efteemed  by  them  ;  and,  in  the  fulnefs  of  a  mixed  zeal 
and  fear,  they  even  deign  to  call  him  Mannilto ,  or  God  . 
becaufe,  they  fay,  he  can  live  both  upon  the  land  and  in  the 
water  §. 

It  feems  very  probable  to  me,  that  the  veneration  for  the 
rattle-fnake  had  its  birth  in  fear,  and  not  in  the  belief  that  this 
reptile  pofielfed  the  power  of  fafeinating  animals.  If,  as  fome 
writers  have  alferted,  the  Indians  were  in  poffeffion  of  abfolute 
fpeciPcs  for  the  bite  of  the  rattle-fnake,  I  am  of  opinion  that 
the  veneration  for  this  animal  would  not  have  exiPed  ;  or,  at 
leap,  that  it  would  not  long  have  continued.  Rut  the  Indians 
are  often  unable  to  prevent  or  to  cure  the  effects  of  the  active 
poifon  of  this  ferpent,  which  not  unfrequentiy  deProys  them  ||. 

I  return 

*  I  fpeak  of  mankind  in  the  aggregate,  and  not  of  individuals 
among  them. 

f  John  De  Laet,  fpeaking  of  the  Indians  of  New-York,  has 
the  following  words:  “  Cseterum  nulius  iplis  religionis  fenfus, 
nulla  Dei  veneratio;  diabolum  quidem  colunt  led  non  tarn  folemniter 
neque  certis  ceremoni  is,  ut  Africani  faciunt,”  &c.  Novus  Orbis 
leu  Defcriptionis  Indae  Occidcntnlis  Libri  xviii.  lib.  iii.  cap.  xi. 
p.  75.  Lugd.  BatnV.  H)33. 

X  Maize. 

§  MS.  by  Mr.  John  Hecke welder,  penes  me. 

1!  Aciaii  fays,  he  does  ‘ ‘  not  remember  to  have  fecn  or  heard  of 

an 
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I  return  to  the  more  immediate  path  of  my  fubje£t. 

Among  the  Indians  ot  South-America,  I  do  not  find  any  The  South 
traces  of  the  notion  that  ferpents  can  fatcinate  oth^r  animals.  ^oTpofi'Ts  this 
Pdo,  the  author  of  the  Natural  and  Medical  Ilijlory  of  the  tic o  notion, 

Indies ,  feems  to  have  been  ftudious  to  bring  together  the  ex¬ 
traordinary  things  which  have  been  related  of  the  rattle-fnake. 

Buthe  fays  not  a  fy liable  concerning  the  fafeinating  faculty  of 
this  reptile  *. 

But  whatever  may  have  been  the  native  country  of  the  but  it  has  Ipread 
notion  which  I  am  confidering,  it  would  have  been  well  had  Europ^ 
it  been  confined  to  favages.  It  is  a  tale  which  feems  nicely 
adapted  to  the  wit  and  fociety  of  rude  and  uncultivated  nations. 
Unfortunately,  the  progrefs  of  error  and  credulity  is  extremely 
rapid.  Their  dominion  is  extenfive.  The  belief  in  the  faf-  .. 
cinating  faculty  ol  terpents  has  fpread  through  almolt  all  the 

Indian  dying  by  the  bite  of  a  fnake,  when  out  at  war,  or  hunting ; 
although  they  are  then  often  bitten  by  the  molt  dangerous  fnak.es.1’ 

The  Hijlory  of  the  American  Indians ,  &c.  p.  235.  London  :  1775. 

It  is  certain,  from  the  teltimony  of  many  perlons,  that  the  bite  of 
the  rattle-fnake  has  often  proved  mortal  to  the  Indians,  and  others, 
notwithftanding  the  boalted  fpecifics  of  thefe  people.  Father  Caje- 
tan  Cattaneo  fays,  many  Indians  die  with  the  bite  of  ferpents. 

<£  But,”  obferves  the  father,  “  itis  faid  they  commonly  efcape  with 
life,  when  they  can  quickly  apply  the  remedy  which  providence  has 
prepared  of  certain  herbs,  efpeciaily  the  fpikenard,  which  fome  parts 
of  Paraguay  produce  in  plenty.  But  when  they  are  bit  by  the 
rattle-fnake  it  is  confidentlv  allured  that  the  cafe  admits  no  cure.” 

The  third  letter  rf  F.  Cajetan  Cattaneo.  See  A  Relation  of  the  mifjions 
of  Paraguay ,  nvrote  originally  in  Italian,  by  Mr.  Muratori.  Englilh 
Tranfiation.  p.  260.  London:  1759.  Father  Cattaneo  is  here 
fpeaking  of  the  South-American  rattle-fnake,  the  poifon  of  which, 

I  have  little  doubt,  is  more  deleterious  than  that  ot  the  fame  animal 
in  our  part  of  North-America.  Still,  however,  I  am  confident, 
that  this  poifon,  even  in  the  molt  fervid  climates,  is  not  always 
mortal. 

*  Gulielmi  Pifonis  medici  Amftelredamenfis  de  lndiae  utriufque 
re  naturali  et  medica  libri  quatuordecim.  Amltelaedami :  apud 
Elzevirios,  1658.  Some  of  Pifo’s  alfertions  concerning  the  rattle- 
fnake  are  very  extravagant.  Such  are  the  following:  <(  Caudae  ex- 
tremitate  in  anum  hominis  immilfa,  mortem  infert  confeftim  ;  ve- 
nenum  autem  quod  ore  vtl  dentibus  infundit,  multo  lentius  vitam 
tollit.”  p.  275. 
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Jt  is  faid  that 
Dr.  Johnfon  be¬ 
lieved  it.  But, 
he  was  credu¬ 
lous,  timid,  and 
melancholy. 


Linnaeus  admits 
It. 


civilized  parts  of  North-America.  Nor  is  it  confined  to 
America.  It  has  made  its  way  into  Europe,  and  has  there 
taken  poffiVTion  of  the  minds  of  fcholars,  of  naluralifts,  and  ot 
philofophers, 

I  think,  I  have  fomewhere  either  heard  or  read  t hat  the 
tale  was  credited  by  the  late  Dr.  Samuel  Johnfon.  If  I  am 
miftaken,  I  hope  the  admirers  of  this  great  man,  fliould  any  of 
them  read  my  memoir,  will  pardon  me.  It  is  certain,  not- 
wi th (landing  (he  vaft  (Length  and  the  rich  fertility  of  Johnfon’s 
mind,  tliat  he  was  credulous  and  timid.  Did  this  union  of 
credulity  and  timidity  arife  out  of  that  unhappy  melancholy 
(“  tliofe  eafual  cclipfes  which  darken  learning”,)  that  often 
overclouded  the  brightness  of  the  mind*?  We  are  told  that 
the  Hercules  of  Englith  literature  believed  in  ghofls,  and  in 
the  fecond-fight.  The  man  who  would  thus  fuller  his  mind  to 
be  eflranged  from  probability,  and  entangled  in  difficulties, 
would,  perhaps,  find  it  eafy  to  bend  to  the  belief,  that  fer- 
pents  have  the  faculty  of  fafeinating  other  animals. 

Although  I  profefs  myfelf  to  be  a  warm  admirer  of  Linnaeus, 
and  although,  at  a  very  early  period  of  my  life,  I  enlifted 
myfelf  under  the  banner  of  his  fchool,  I  (hall  not,  neverthelefc, 
attempt  to  conceal,  that  this  great  man  gave  credit  to  the  tale 
of  the  fafeioation  of  birds  and  other  animals  by  ferpents.  In 
his  Syjlcma  Natures  (that  immortal  work),  under  the  article 
Crotalus  horridus,  or  the  rattle-fnake,  he  has  the  following 
words  :  “  Avc.s  Sciurofque  ex  arboribus  in  fauces  rcvocat.”-\.  In 
another  work,  he  fpeaks  as  follows.  “  Whoever  is  wounded 
by  the  Hooded  Serpent  ( Coluber  Naja)  expires  in  a  few 
minutes;  nor  can  he  e(cape  with  life  who  is  bitten  by  the 
rattle-fnake,  ( Crotalus  horridus)  in  any  part  near  a  great  vein. 
But  the  merciful  God  has  diftinguiffied  thefe  pelts  by  peculiar 

*  Or,  did  his  melancholy  grow  out  of  his  credulity  and  fear? 

f  See  volume  fir  ft,  p.  372.  Vienna  edition  of  1767.  Profeffior 
Gmelin,  in  his  edition  of  the  Syjlcma  Nature,  when  fpealting  of 
the  rattle-fnake,  has  the  following  words,  viz.  u  a<vcs  feiurique  cx 
arboribus  von  ram  in  fauces  inhiantis  apertas  inciduntf  mm.  i. 
pars  iii.  p.  1080.  The  fame  laborious  author  fpeaking  of  our  grey- 
fquirrel  (Sciurus  cinereus)  fays,  ”  a  crotalo  comeditur,”  torn.  i. 
p.  147 .  This  is  true  :  hut  He  might  have  faid  the  fame  when  fpeak¬ 
ing  of  the  (biped -d.ormoufe,  or  ground-fquirrel  (Sciurus  ftriatus), 
ci  our  rabbit  (Lepus  americanus),  and  many  other  animals. 
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figns,  and  has  created  them  moft  inveterate  enemies;  for  as 
he  has  appointed  cats  to  defiroy  mice,  fo  has  he  provided  the 
Ichneumon  (Virerra  1  ch neumon )  againft  the  former  ferpent,  His  account, 
and  the  Hog  to  pertecute  the  latter.  He  has  moreover  given 
the  Crotalus  a  very  flow  motion,  and  has  annexed  a  kind  of 
rattle  to  its  tale,  by  the  motion  of  which  it  gives  notice  of  its 
approach  :  but,  left  this  flownefs  fhould  be  too  great  a  dif* 
advantage  to  the  animal  itfelf,  he  has  favoured  it  with  a  certain 
power  of  fafcinating  fquirrels  from  high  trees,  and  birds  from 
the  air  into  its  throat,  in  the  fame  manner  as  flies  are  precipi¬ 
tated  into  the  jaws  of  the  lazy  toad.”* 

Linnaeus  was,  certainly,  extremely  credulous,  though  I  It  is  certain  that 
do  not  find  that  any  of  his  profefled  biographers  have  taken  Lmn*us  was 
notice  of  this  feature  of  his  mind.  But  the  proofs  of  my  ob« 
fervation  are  numerous:  they  are  to  be  found  in  almofl  every 
eflay  that  he  has  written.  His  credulity  with  refpe6t  to  the 
powers  of  medicines  is,  perhaps,  peculiarly  flriking  f.  How 
far  this  credulity,  in  a  mind  otherwife  truly  great  (a  mind  which 
with  refpedl  to  the  arrangement  of  natural  bodies  has  never 
been  equalled),  is  to  be  fought  for  in  the  general  character  of 
the  country  which  gave  Linnaeus  birth,  I  fhall  not  paufe  to  in¬ 
quire.  Yet  in  an  invefligation  of  this  kind,  where  the  opinion 
of  the  Swedifh  Pliny  is  neceflarily  mentioned,  it  might  be 
curious  to  look  to  the  fources  of  his  credulity.  The  fludy  of 
nature,  as  it  refpecfts  this  globe,  is,  perhaps,  of  all  the  fciences, 
the  moft  unfavourable  to  fuperflition,  or  credulity.  But  the 
greateft  of  naturalifis  was  one  of  the  rnofr  credulous  of  philofo- 
phers. 

It  is  proper,  however,  to  obferve,  in  this  place,  that  Lin-  He  never  was 
naeus  by  no  means  aflerts,  that  he  himfelt  had  ever  been  a 

*  See  Reflections  on  the  Study  of  Nature,  tranfiated  from  the 
Latin  of  Linnaeus,  p.  33  &  34.  Dublin  edition,  1  i  86.  Dr.  I.  E. 

Smith,  the  ingenious  tranflator  of  this  dillertation,  in  a  note  to  the 
above  pafiage,  has  the  following  words.  “  This  opinion  of  the 
fafcinating  power  of  the  Toad  has  been  refuted,  and  the  appear¬ 
ance  which  gave  rife  to  it  fylly  accounted  for,  by  Mr.  Pennant,  in 
his  Britifh  Zoology.  Probably  the  ftory  of  the  rattle-ihake’s  having 
a  fimilar  power  might  be  found  equally  falle,  if  enquired  into  with 
the  fame  degree  of  accuracy.”  p.  34. 

p  See  his  Materia  Medica,  liber,  i.  de  Plantis,  &c«  i\.mftei<s- 

ulami ;  1749. 
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Nor  was  Kalm 
though  he  flip- 
ports  it. 


and  fpeculates 
upon  it. 


witnefs  to  the  fafcinating  power  of  any  of  the  ferpent-tribe. 
He  feems  to  have  received  the  tale  from  fome  of  his  many 
pupils,  whom  he  animated  with  the  love  of  natural  hiftory* 
It  is  probable  that  Kalm,  whom  Linnaeus  quotes  upon  various 
occafions,  and  whom  he  could  not  but  efteem,  principally  con¬ 
tributed  to  fix  his  illufirious  mailer’s  credulity  in  this  refpeft : 
for,  in  different  parts  of  his  Travels ,  this  induflrious  author 
has  given  his  decided  affent  to  the  tale;  and  he  informs  us, 
that  he  has  treated  of  the  fame  fubjedl,  more  fully,  in  a  treatife 
which  is  printed  in  the  Memoirs  of  the  Royal  Sivedi/h  Academy 
of  Sciences ,  for  the  year  1753  *. 

Kalm  is  candid  enough  to  tell  us,  that  he  never  faw  an  in- 
ftance  of  the  fafcinating  power  of  the  ferpent-kind.  “  How¬ 
ever/’  fays  he,  “  I  have  a  lift  of  more  than  twenty  perfons, 
among  which  are  fome  of  the  moft  creditable  people,  who  have 
all  unanimoufly,  though  living  far  diftant  from  each  other, 
afferted  the  fame  thing  f.”  He  then  goes  on  to  tell  us  a  long 
ftory,  fimilar  to  that  which  I  have  related,  in  the  beginning 
of  this  memoir,  and  which,  therefore,  it  is  not  necefiary  to 

repeal,  in  this  place. 

4  * 

Our  author  is  not  content  to  make  mere  mention  of  the  fa<5t ; 
he  undertakes  to  fpeculate  upon  it.  And  here,  although  a 
talent  for  ingenious  reafoning  is,  certainly,  not  the  moft  ftrik- 
ing  feature  that  is  difplayed  in  the  Travels  of  Kalm,  he  acquits 
himfelf,  for  fome  time,  very  judicioufiy ;  but  fpoils  all  he  has 
faid,  by  concluding,  that  the  bird  or  fquirrel  “  are  only  en - 
chanted,  vvhilft  the  fnake  has  its  eyes  fixed  on  them. I”  He 
allows  that  t(  this  looks  odd  and  unaccountable,  though,” 
fays  he,  “  many  of  the  worthieft  and  moft  reputable  people 
have  related  it,  and  though  it  is  fo  univerfally  believed  here,” 
that  is  in  New-Jerfey,  8zc.  “  that  to  doubt  it  would  be  to  ex- 
pofe  one’s  felf  to  general  laughter  §.” 

Several  American  writers  have  adopted  the  notion,  that 
fnakes  are  endued  with  a  fafcinating  faculty.  Fearful  that 
their  authority  may  extend  the  empire  of  this  error,  I  have 
been  the  more  anxious  to  offer  my  fentiments  on  the  fubjeft  to 
the  fociety  |]. 

It 

*  Travels  into  North-America,  See.  vol.  i.  p.  318  &  319. 

•f  Ibid.  vol.  ii.  p.  207  &208. 

I  Travels  into  North-America,  Sec.  vol.  ii.  p.  210. 

$  Ibid. 

U  Speaking  of  the  rattle-fnake,  my  worthy  friend  Mr.  William 

Bartram 


ASCRIBED  TO  THE  RATTLE-SNAKE,  g>8  I 

It  has  given  me  pleafure  to  find,  that  the  enchanting  faculty  Refpe&able 
of  the  rattle-fnake  is  doubted  by  fome  very  refpedable  Euro- 
pean  naturalifts.  “  It  is  difficult,”  fays  my  excellent  friend  it. 

Mr.  Pennant,  “to  Ipeak  of  its  fafcinating  powers  :  authors* 
of  credit  defcribe  the  effects.  Birds  have  been  feen  to  drop 
into  its  mouth,  fquirrels  defcend  from  their  trees,  and  leverets 
run  into  its  jaws.  Terror  and  amazement  feem  to  lay  hold  on 
thefe  little  animals  :  they  make  violent  efforts  to  get  away,  ffili 
keeping  their  eyes  fixed  on  thofe  of  the  fnake ;  at  length, 
wearied  with  their  movements,  and  frightened  out  of  all 
capacity  of  knowing  the  courfe  they  ought  to  take,  become  at 
length  the  prey  of  the  expe&ing  devourer,  probably  in  their 
laff  convulfive  motion  f.” 

My  friend  Mr.  de  la  C^pede,  one  of  the  moft  eloquent  na-  The  fubjed 
turaliffs  of  the  age,  has  devoted  a  good  deal  of  attention  to  the  clpSt by  b 
lubjedt,  in  his  Hijloire  Naturelle  des  Serpens,  a  work  of  extenfive 
and  fuperior  merit.  I  regret,  however,  that  this  ingenious  author 
was  not  in  poffeflion  of  a  few  fa6h,  well  known  in  this  coun¬ 
try,  which  could  not  have  failed  to  conduct  a  mind,  like  his, 
ffrengthened  by  the  enlarged  contemplation  of  the  objects  of 
nature,  to  the  fulnefs  and  certainty  of  truth.  As  it  is,  how¬ 
ever,  Mr.  de  la  Cepede  deferves  our  thanks  for  reviving,  and 
giving  a  new  turn  to,  the  fpeculations  of  naturaliffs  on  this 
fubjeft. 

Bertram  fays  :  <£  They  are  fuppoftd  to  have  the  power  of  fafeina- 
tion  in  an  eminent  degree,  fo  as  to  inthral  their  prey.  It  is  generally 
believed  that  they  charm  birds,  rabbits,  fquirrels,  and  other  animals, 
and  by  ftedfaftly  looking  at  them,  poffefs  them  with  infatuation  ;  be 
the  caufe  what  it  may,  the  miferable  creatures  undoubtedly  ftrive  by 
every  poifible  means  to  efcape,  but  alas  !  their  endeavours  are  in 
vain,  they  at  laff:  lofe  the  power  of  reflftance,  and  flutter  or  move 
flowly,  but  relu&antly  towards  the  yawning  jaws  of  their  devourers, 
and  creep  into  their  mouths,  or  lay  down  and  fuffer  themfelves  to 
be  taken  and  {wallowed.”  Travels  through  North  and  South 
Cardinia,  Georgia,  Eaft  and  Weft  Florida,  See.  p.  267.  Phila¬ 
delphia:  1791. 

*  “  Lawfon — Catefby— Ph.  Tr.  abridg.  ix.  56,  Sec.  vii.  410. — 

Brickel’s  Hift.  Carolina,  144. — Beverley  Virginia,  260. — Colden, 
i.  12.  Dr.  Brickel  is  an  author  of  no  credit.  His  Hijloryoj  North - 
Carolina ,  here  quoted  is  one  of  the  moft  daring  and  fcandalous  iil- 
ftances  of  plagiarifm  I  am  acquainted  with. 

f  Ar&ic  Zoology,  vol.  ii.  p.  338.  London  :  1792. 

I  beg 
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His  account. 
Suppofition  of 
infection  in  the 

breath. 


l'afc ’mating  pro¬ 
perty  fuppoled  to 
arife  trom  this 
caufc. 


Or  that  the 
animal  may  have 
been  already 
bitten. 


I  beg  leave,  in  this  place,  to  quote  that  part  of  Mr.  do  la 
Cbpede’s  work  which  relates  to  the  queltion  of  my  memoir. 

Speaking  of  the  boiquira,  or  rattle-fnake,  my  ingenious 
friend  has  the  following  words:  “  His  infedlious  breath, 
which  fometimes  agitates  the  little  animals  he  is  about  to 
feize,  may  alfo  prevent  their  efcape.  The  Indians  relate, 
that  a  rattle-fnake  is  often  feen,  curled  round  a  tree,  darting 
terrible  glances  at  a  fquirrel,  which  after  expreffing  its  fear  by 
its  cries  and  its  tremour,  falls  at  the  foot  of  the  tree,  where  it 
is  devoured.  Mr.  Vofmaer  (at  the  Hague),  who  has  made 
feveral  experiments  on  the  bite  of  a  rattle-fnake,  which  he 
had  alive,  fays  that  the  birds  and  mice,  which  were  thrown 
into  the  cage,  would  immediately  endeavour  to  fquat  in  a 
corner,  and  that  loon  after,  as  if  feized  with  deadly  anguifti7 
they  would  run  towards  their  enemy,  who  continually  (hook 
his  rattles  :  but  this  effed  of  a  mephitick  and  fetid  breadth 
has  been  fo  much  exaggerated,  and  mifreprefented,  that  it 
becomes  miraculous. 

“  It  has  been  laid,”  continues  our  author,  “  that  the  rattle- 
fnake  had  a  faculty  of  enchanting,  as  it  were,  the  animal  he 
intended  to  devour ;  that  by  the  power  of  his  glance,  he  could 
oblige  the  victims  to  approach  by  fmall  degrees,  and  finally  to 
fajl  into  his  mouth  ;  that  even  man  could  not  refift  the  magic 
force  of  his  fparkling  eyes ;  and  that  under  violent  agitations 
he  would  expofe  himfelf  to  the  envenomed  tooth  of  the  ferpent, 
inftead  of  endeavouring  to  efcape.  If  the  rattle-fnake  had 
been  more  generally  known,  and  if  his  natural  hilfory  had  en¬ 
gaged  more  attention,  other  circumftances,  ftill  more  extraor¬ 
dinary,  would  have  been  added  to  thefe  miraculous  feats  ; 
and  how  many  fables  would  not  have  been  fubftituted  to  the 
fimple  effect  of  a  peftilential  breath,  which,  however,  has  by 
no  means  been  either  fo  frequent  or  fo  fatal  as  lome  naturalilh 
have  believed. 

“  We  may  prefume,  with  Kalm,  that,  for  the  moft  part, 
when  a  bird,  a  fquirrel,  or  any  other  animal,  has  been  feen 
precipitating  itfelf  from  the  top  of  a  tree  into  the  jaws  of  a 
rattle-fnake,  it  had  been  already  bitten*;  that  after  efcaping, 

it 


*  I  do  not  find  that  Kalm  lias  adopted  this  fyftem  of  explanation, 
tii  his  1  ravels.  On  the  contrary,  in  this  work,  he  gives  lbme 
judicious  reafons  for  reje&ing  this  mode  of  explanation.  'Travels, 
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naanifefted,  by  its  cries  and  its  agitation,  the  violent  aclion  of 
the  poifon  left  in  its  blood,  and  diflufed  through  its  circulation, 
by  the  envenomed  inoculation  of  the  reptile’s  tooth  ;  that,  its 
ftrength  gradually  decaying,  it  would  fly  or  leap  from  branch 
to  branch,  till  finally  exhaufted  it  would  fall  before  the  fer- 
pent,  who  with  inflamed  eyes,  and  eager  looks,  would  watch 
attentively  every  motion,  and  then  dart  on  his  prey,  when  it 
retained  but  a  lmall  portion  of  life.  Several  obfervations  re¬ 
lated  by  travellers,  and  particularly  a  fact  mentioned  by  Kalm, 
appeared  to  confirm  this*.” 

From  this  long  quotation,  it  appears  that  Mr.  de  la  Cepede  Examination  of 

i  i  n  ^  i  <  «  ,i  tiic to  cioCtruie^. 

adopts  two  modes,  or  circumtiances,  tor  explaining  the  mira¬ 
culous  power,  which  lias  been  attributed  to  thefe  ferpents. 

The  explanation  is,  undoubtedly,  in  both  cafes,  ingenious, 
and  entitled  to  notice.  I  (hall  examine  the  queftion  with  that 
attention  which  it  defer ves. 

In  the  firfi:  place,  my  learned  friend  fuppofes,  that  the  rattle- 
fnake’s  infectious  breath  f,  by  agitating  the  little  animals  which 
it  means  to  devour,  may  prevent  their  efcape. 

I  do  not  altogetlier  underhand  this  expreflion  of  an  infec-  Obfervatlon  to 
lious  breath.  I  do  not  think  that  we  are  in  poflfeffion  of  any 
facts  by  which  it  can  be  provred,  that  the  breath  of  the  rattle-  any  offenfive 
fnake  is,  in  general,  more  infectious,  or  peftiferous,  than  that  odour>"“ 
of  many  other  animals,  whether  of  the  fame  or  of  a  different 
family.  I  know,  indeed,  that  in  fome  of  the  larger  fpecies 


&c.  vol.ii.  p.  209  &210.  His  memoir,  in  the  Sivedi/h  'Tranfaflions, 
I  have  not  feen.  Sir  Hans  Sloane,  a  long  time  fince,  conjectured, 
that  the  whole  myftery  of  the  fafeinating  faculty  of  the  rattle-fnake 
is  this,  viz.  “  that  when  fuch  animals  as  are  the  proper  prey  of 
thefe  fnakes,  as  fmall  quadrupeds,  birds,  See.  are  furprifed  by  them, 
they  bite  them,  and  the  poifon  allows  them  time  to  run  a  fmall  way  > 
or  perhaps  a  bird  to  fly  up  into  the  next  tree,  where  the  fnakes 
watch  them,  with  great  eameftnefs,  till  they  fail  down,  or  are  per¬ 
fectly  dead,  when  having  licked  them  over  with  their  fpawl  or 
fpittle,  they  fwallow  them  down.”  Pbilofophical  Tranfaftions , 
vol.  xxxviii.  no.  403.  M.  de  la  Cepede  does  not  appear  to  have 
feen  Sloane’s  paper. 

*  Hiftoire  Naturelle  des  Serpen?,  p.  409,  410  &  411.  a  Paris; 
1789. 

f  His  words  are,  “  fon  haleine  empeftee,  qui  trouble  quelque- 
fois  les  petits  animaux  dont  il  veut  fe  faifir,  peut  aulfi  empecher 
qu’ils  ne  lui  Cchappent.”  p.  409. 
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ON  THE  FASCINATING  FACULTY,  &C. 


and  others  to 
fhow  that  they 
do* 


of  ferpents,  inhabiting  South-America,  and  other  countries, 
there  is  evolved  in  the  ftomach,  during  the  long  find  tedious 
procefs  of  digeftion  in  thefe  animals,  a  vapour,  or  a  gas, 
whofe  odour  is  inlenfely  fetid.  I  have  not,  however,  found  that 
this  is  the  cafe  with  the  rattle-fnake,  and  other  North-American 
ferpents,  that  I  have  examined.  But  my  own  oblervations  on 
this  head  have  not  been  very  minute.  I  have  made  inquiry  of 
fome  perfons  (whofe  prejudices  againft  the  lerpent-tribe  are  not 
fo  powerful  as  my  own),  who  are  not  afraid  to  put  the  heads 
and  necks  of  the  black-fnake,  and  other  ferpents  that  are 
deftitute  of  venomous  fangs,  into  their  mouths,  and  have  been 
informed,  that  they  never  perceived  any  difagreeable  fmell  to 
proceed  from  the  breath  of  thefe  animals.  I  have  been  prelent 
at  the  opening  of  a  box  which  contained  a  number  of  living 
ferpents ;  and  although  the  box  had  been  fo  clofe  as  to  admit 
but  a  very  fmall  quantity  of  frefh  air,  although  the  oblervation 
was  made  in  a  fmall  warm  room,  I  did  not  perceive  any  pe¬ 
culiarly  difagreeable  effluvium  toarife  from  the  bodies  of  thefe 
animals.  I  am,  moreover,  informed  by  a  member  of  this 
fociety  *,  who,  has,  for  a  confiderable  time,  had  a  rattle- 
fnake  under  his  immediate  care,  that  he  has  not  obferved 
that  any  difagreeable  vapour  proceeds  from  this  reptile.  On 
the  other  hand,  however,  it  is  alfcrted  by  fome  creditable 
perfons  of  my  acquaintance,  that  a  moll  o (Ten five  odour, 
fimilar  to  that  of  flefli,  in  the  lall  fiage  of  putrefaction,  is 
continually  emanating  from  every  part  of  the  rattle-fnake, 
and  fome  other  lpecies  of  ferpents.  This  odour  extends, 
under  certain  circumltances,  to  a  conliderable  diftance  from 
the  body  of  the  animal.  Mr.  William  Bartram  alfures  me, 
that  he  has  obferved  “  horfes  to  be  fenlible  of,  and  greatly 
agitated  by,  it  at  the  diftance  of  forty  or  fifty  )ards  from  the 
fnake.  They  fflowed,”  he  fays,  “  their  abhorrence,  bv 
fnorting,  winnowing,  and  ftarting  from  the  road,  endeavour¬ 
ing  to  throw  their  riders,  in  order  to  make  their  efcape  | ■” 
This  fact  related  by  a  man  of  rigid  veracity,  is  extremely 
curious;  and,  in  an  efpecial  manner,  deferves  the  attention 
of  tliofe  writers,  who,  like  Mr.  de  la  Cepede,  imagine  that 
this  fetid  emanation  from  ferpents  is  capable  of  affecting  birds, 


*  Mr.  Charles  Wilfon  Peale. 
t  MS.  note,  communicated  to  me. 
4 


at 
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at  fmall  diftances,  with  a  kind  of  afphvxv  *.  It  even  gives 
fame  colour  of  probability  to  the'ftory  related  by  Metrodorus, 
and  preferved  in  the  Natural  Jlijlory  of  Pliny  f. 

(To  be  continued.) 


VIII. 

Extract  of  a  Letter  from  Brugnatelli  on  the  Pruffiate  of  Potajh, 
and  on  the  Preparation  of  a  fulminating  Muriate  of  Silver.* 

If  alcohol  be  poured  into  a  folution  of  pruffiate  of  potaffi  Alcohol  occa- 

(oxipruffiate  of  potafh,)  the  liquor  becomes  turbid,  and  a  pre-  tate  ^ folution 

cipitate  is  depofited  in  the  form  of  fmall  and  very  brilliant  of  prufiiate  of 

lamella?,  refembling  the  fublimed  boracic  acid  (oxiboracic.) 

Colledfing  this  precipitate  on  a  filter,  and  drying  it,  the  fcales  hering  to  each 

adhere  to  one  another,  and  form  a  ftratum  of  a  (hining  yellow-  other»  a  ^in* 

i til  white,  like  that  of  mother-of-pearl.  This  mafs  eafily  fe- white,  foiuble 

parates  from  the  filter;  is  foiuble  in  fulphuric  acid  (oxifulphu-  ln  fulphuric 
\  .  .  r  ...  acid ;  and  this 

ric),  and  this  folution  takes  a  blue  colour  on  the  addition  of  folution  is  turn- 

water.  Expofed  to  the  fire  in  a  crucible,  it  fvvells,  burns,  and  ed  blue  by 

leaves  a  coally  refiduum,  containing  a  great  deal  of  iron,  at-  its  coally  refi- 

tradtable  by  the  magnet  and  potafh.  This  coally  refiduum,  <fuum  contains 

treated  with  acids,  gave  out  a  firong  fmell  of  fulphurated  hi-  ma^ticlrorf, 

drogen  gas  (gas  phlogo gene  fdfure.)  and  potafh  ; 

and  with  acids 

* 1  fmells  ftrongly 

I  have  applied  the  procefs  I  mentioned  to  you  in  my  lafl  to  hidrcgengTs^ 
a  great  number  of  other  metallic  oxides  (thermoxides),  in  hope 
of  rendering  them  fulminating;  but  I  fucceeded  with  none, 
except  that  of  filver. 

Take  a  hundred  grains  of  lunar  eaufiic  (fufed  oxifeptonate  Qn  *oo  grains 
of  filver)  in  powder,  put  them  into  a  beer  glafs,  and  pour  on  ver^owlkred^1” 
them  firfl  an  ounce  of  alcohol,  and  then  as  much  concentrated  was  formed  hrft, 

nitrous  acid  (oxifeptoneaux.)  The  mixture  grows  hot,  enters  nitrousadd 
into  a  date  of  ebullition,  and  an  ether  is  vitibly  formed,  that  i  ounce, 
changes  info  a  gas.  By  degrees  the  liquor  becomes  milky  and  Ab  f°°n  as  the 
opake,  and  is  filled  with  (mail  and  very  white  clouds.  YY  lien  completely 
all  the  gray  powder  of  the  lunar  caulbc  has  taken  this  form,  formed,  water 

and  the  liquor  has  acquired  a  confiftency,  diftilled  water  muff  ^  ^'precipi¬ 
tate  dried  in  a 

#  Hiftoire  Naturelle  des  Serpens,  p.  355.  $:ter. 

Lib.  xxviii.  cap,  14. 
t  Van  Mons’s  Journal,  IV.  235. 

be, 
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be  added  immediately,  to  fufpend  the  ebullition,  and  prevent 
the  matter  from  being  reditfolvcd,  and  becoming  a  mere  folu- 
tion  of  filver.  The  white  precipitate  is  then  to  be  collected 
on  a  paper  filter,  and  dried. 

Its  weight  more  This  precipitate  is  fulminating  filver,  and  amounts  to  more 

chan  50  grains,  than  half  the  weight  of  the  lunar  cauftic  employed.  The  de- 

It  detonates  .  y  .  *  ' 

more  ftrongly  tonating  power  ot  this  preparation  greatly  exceeds  that  of  fuf- 

than  fulmi-  minating  mercury,  prepared  in  Howards  or  my  way,  even  in 

nating  mercury,  ,  rn  '  T  ,  .  , 

bein^  touched  much  tmaller  quantity,  it  detonates  in  a  tremendous  manner, 

with  a  glafs  on  being  fcarcely  touched  with  a  tube  of  glafs,  the  extremity 
fubhuric^acid^11  w^ich  has  been  dipped  in  concentrated  fulphuric  acid  ( oxi - 
fulfurique) ,  even  in  that  of  the  (hops.  One  grain  of  this  ful¬ 
minating  filver,  placed  on  a  lighted  coal,  gave  fuch  a  loud  re¬ 
port,  that  it  deafened  the  ears  of  the  perfons  prefent.  The 
fame  thing  happens  on  placing  a  little  of  the  fame  preparation 
on  an  electric  pile,  with  the  interpofition  of  a  bit  of  paper,  and 

chrough  it  from  drawing  a  foark  from  its  centre  by  means  of  a  flip  of  metal, 
the  ele&nc  pile.  .  ,  1 

1  he  paper  wall  be  either  pierced  or  torn. 


placed  on  a 
lighted  coal, 
or  having  a 
fpark  drawn 


IX. 


Platina  never 
yet  applied  on 
porcelain. 


Gold  and  filver 
only  have  been 
ufed  in  this  way 
in  the  metallic 
ftate  : 

and  gold  aftfwers 
completely, 
but  filver  does 
not  cover  the 
ground  fo  well, 
and  is  liable  to 
tarnitb. 


Of  the  Application  of  Platina  or  Porcelain.  By  Klaproth, f 


it  LATINA,  as  far  as  I  know,  has  never  yet  been  .  mployed 
in  encauftic  painting.  Accordingly  I  thought  it  110I  mifs,  to 
make  fome  experiments  on  the  fabjeci,  the  refult  of  which 
did  not  deceive  my  expectations. 

Gold  and  filver  are  the  only  metals,  that  have  hitherto  been 
employed  in  the  metallic  form  in  painting  or  ornamenting  por¬ 
celain,  glafs,  or  enamel.  Gold  anfwers  this  purpofe  fo  com¬ 
pletely,  that  it  leaves  nothing  to  be  defired  :  but  filver  is  far 
from  affording  equal  fatisfaclion.  As  it  is  of  lefs  dentity  than 
gold,  it  cannot  be  ufed  fo  thin,  and  does  not  cover  the  porce¬ 


lain  or  other  fubftance  fo  well.  Another  reafon  why  it  is  lefs 
applicable  to  the  purpofe  of  painting  on  porcelain  is  its  property 
of  having  its  metallic  iuftre  tarnithed  by  fulphurous  emanations, 
all  kinds  ol  which  blacken  it.  This  unfavourable  circum- 
ilance  prevents  nlver  from  being  employed  in  fine  enamel 
painting,  and  confines  the  ufe  of  the  metallic  fubftances  in  that 
only  to  gold. 

*  Abridged  from  Scherer’s  "Journal  dcr  Cbimie>  1802.  No.  4.  p.  413. 

d  Platina 


application  or  rLATINA  ON  PORCELAIN.  287 

Platina  in  its  qualities' ranks  with  gold,  and  by  its  whitenefs  Platina  imitate# 
(applies  the  place  of  filver,  without  labouring  under  its  de-  J.1!0  wmt?"c,s  01 
feels.  It  not  only  covers  the  ground  well  by  its  denfity,  which  having  its  de-  ' 
even  lurpafTes  that  of  gold;  but  like  this  it  refills  all  the  alter- ^e<^s* 
nations  of  the  atmofphere,  and  is  not  any  way  tarnifhed  by  ful- 
phurous  effluvia. 

The  procefs  for  applying  it  is  very  fimple.  Platina  is  dif-  Procefs  of  ap* 
folved  in  nitro-muriatic  acid,  and  precipitated  by  a  folution  ofp'^'ins  lC* 
muriate  of  ammonia.  The  red  cryffalline  precipitate  formed 
is  to  be  dried,  reduced  to  a  fine  powder,  and  made  nightly  red 
hot  in  a  glafs  retort.  The  muriate  of  ammonia,  which  had 
precipitated  in  combination  with  the  platina,  fublimes ;  and 
the  metal  remains  at  the  bottom  of  the  retort,  in  the  form  of 
a  light,  gray  powder.  This  powder  being  mixed  with  a  fmall  - 
proportion  of  dux,  as  is  done  with  gold,  and  ground  with  oil 
of  fpike,  is  to  be  applied  to  the  porcelain,  put  into  the  fur¬ 
nace,  and  afterwards  burnifhed. 


Platina  applied  on  porcelain  in  this  manner,  is  of  a  filver  it  refembfe* 

white,  nightly  tending  to  the  gray  of  Heel.  By  alloying  this  |j;v^r  a 

metal  in  different  proportions  with  gold,  different  fhades  of  Gold  in  differ-* 

this  colour  are  obtained.  Platina  admits  a  confiderable  quan-  ent  proportions 

tity  of  gold,  before  its  colour  undergoes  any  perceptible  change  but* does5 rfot^  } 

to  yellow.  For  example,  if  one  part  of  platina  be  alloyed  render  it  per- 

witb  four  parts  of  gold,  the  prefence  of  the  latter  cannot  be 

perceived,  and  the  colour  fcarcely  differs  from  that  of  pure  of  gold  be  added 

platina.  The  colour  of  the  gold  does  not  predominate,  unlefs t0  Pljt!na; 
r  .  ?  1  and  the  gold  co¬ 
lt  be  in  the  proportion  or  eight  to  one.  lour  does  not 

The  alloys  of  platina  with  filver  give  only  a  dull  metal.  predominate, 

Bcfide  this  method  of  applying  platina  to  porcelain,  it  may  the  proportion. 

be  laid  on  in  the  Pate  of  folution.  In  this  way  its  colour,  Iuftre,  8  to  i. 

and  appearance,  are  very  different.  If  the  nitro-muriatic  fo-  ver^iv/a  dun" 

lution  of  platina  be  evaporated  to  a  certain  confidence,  and  alloy. 

laid  on  the  porcelain  feveral  times,  the  metal  penetrates  into 

its  fubflanee,  which,  after  it  comes  out  of  the  furnace,  exhi-  plied  in  foiu- 

bits  a  metallic  mirror  of  the  colour  and  brilliancy  of  polifhed  ^>hJs 

Peel.  veral  coats  be 

laid  on,  pene¬ 
trates  the  fub- 
ftance,  and  pro¬ 
duces  a  mirror 
refembling 
polifhed  fteel* 
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X. 


Erman  difcovcr- 
ed,  that  an  im- 
perfeCt  con¬ 
ductor  would 
take  the  elec¬ 
tricity  from  an 
infulated  pile, 
and  become 
charged  like  it, 
one  end-p,  the 
other  — . 


If  this  be  re¬ 
moved  by  a 
giafs  rod,  its 
equilibrium  will 
not  be  reftored 
at  once  ; 

but  gradually. 


For  this  Mr. 
Ritter  fubfti- 
tutes  a  pile  of 
copper  and  wet 
pafteboard  in 
alternate  pieces, 


Abfiraft  of  a  Memoir  on  Galvnnifm ,  fait  to  the  National  lnjli- 
tute  hi/  Mr.  Ritter,  of  Jena. f 

lo  form  a  juft  idea  of  thefe  refearches,  it  is  neceflary  to 
recal  to  mind  a  difcovery  made  by  Mr.  Erman  of  Berlin,  about 
two  years  ago,  and  ft  nee  repeated  by  \rolta  before  the  galva¬ 
nic  committee  of  the  Inftitute. 

If  an  eleCtric  pile,  the  fuperior  pole  of  which  is  pofttive, 
and  the  inferior  negative,  be  infulated,  and  a  communication 
is  made  between  thefe  two  poles,  by  means  of  an  imperfect 
conductor,  as  for  inftance,  a  flip  of  paper  wetted  with  pure 
water  would  be  for  fuch  fmall  quantities  of  electricity;  each 
moiety  of  this  flip  would  take  the  electricity  of  the  pole  with 
which  it  communicated;  the  upper  part  would  be  pofttive, 
the  lower  negative. 

Now  let  us  conceive  this  imperfeCt  conductor  to  be  removed 
by  an  infulating  fubftance,  as  a  glafs  rod:  the  equilibrium  be¬ 
tween  the  two  extremities  will  not  be  reftored  inftantaneoufly, 
but  they  will  remain  pofttive  and  negative  for  fome  time,  as 
when  they  communicated  with  the  two  poles  of  the  pile. 

This  difference  will  gradually  diminifh  in  proportion  as  the 
oppofite  electricities  recombine,  and  their  aCtion,  being  neu¬ 
tralized,  will  foon  become  altogether  imperceptible. 

The  fundamental  experiment  of  Mr.  Ritter  is  preeifely  re¬ 
ducible  to  this;  he  merely  fubftitutes  for  the  flip  of  paper,  a 
pile  compoied  of  ditks  of  copper  and  wet  pafteboard.  This 
pile,  incapable  itlelf  of  fetting  eleCtricity  in  motion,  at  leaf!  if 
we  fuppofe  all  its  component  parts  homogeneal,  is  charged  by 
communication  with  the  pile,  like  the  flip  of  wet  paper  above- 
mentioned. 


Weak  electrici¬ 
ty,  like  light, 
does  not  pafs 
freely  from  one 
furface  to 
another. 

Hence  Mr. 
Ritter’s  pile 
remains  charged 
for  fome  time ; 


But  there  is  an  eflcntial  difference  in  the  refults.  It  appears 
that  electricity,  when  weak,  experiences,  like  light,  a  kind  of 
difficulty  in  paffing  from  one  furface  to  another:  at  leaff  this 
feems  to  follow  from  the  experiments  of  Mr.  Ritter,  as  he  him- 
felf  obferves.  The  electricity  introduced  into  the  pile  made 
with  one  metal  alone,  experiences  therefore  fome  refiftance  in 
paffing  from  the  metal  to  the  pafteboard;  and  this  obffacle  in- 


*  Bulletin  des  Sciences,  No,  79,  p.  145.  OCtober,  1803. 
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creafes,  in  proportion  as  the  alternations  are  more  numerous# 

Accordingly,  this  pile,  when  once  charged,  muft  Iofe  its  elec¬ 
tricity  very  tlowly,  it’  there  be  no  communication  between  its 
poles. 

But  if  a  communication  between  its  two  poles  be  edablilhed,  “nlefs  a  comma. 

by  means  of  a  good  conductor,  the  current  of  the  two  elec-  between  its  poles* 

tricities  and  their  combination,  taking  place  fwiftly,  will  pro-  when  itwih 

duce  a  difcharge,  which  will  act,  as  in  the  Leyden  phial,  by  fj^e  ^he^eyden 

an  inftantaneous  fhock.  To  this  effect  a  new  jffate  of  equili-  phial. 

brium  will  fucceed,  in  which  the  intenfities  of  the  different  7hus  t]ie  intcn*' 

.  lines  of  the 

plates  will  be  diminifhed  in  proportion  to  the  quantity  of  elec-  p'ates  will  be 
tncity  that  is  inftantaneoufly  neutralized.  Thefe  difcharges  d'I^iru^pd  j 

.  .  .  .  °  till  by  repeated 

mutt  therefore  be  reiterated ;  but  growing  feebler  each  time,  as  difcharges,  each 

the  contacts  are  repeated  ;  but  they  will  loon  ceafe  to  be  per-  weaker  and 

ceptible,  in  confequence  of  the  general  equilibrium  they  tend  equilibrium  is 

to  reftore  between  all  the  parts  of  the  apparatus;  in  a  word,  rertored. 

the  adtion  of  this  pile  depends  on  its  becoming  alternately  a  pained*' ^  ^ 

better  and  vvorfe  conductor,  according  as  the  two  extremities 

are  made  to  communicate  w  ith  each  other  or  not. 

As  to  the  mode  in  which  the  electricity  difpofes  itfelf,  it  muff  The  eleffricity 
be  fuch,  that  the  repulfive  power,  or  intenfity  of  each  plate,  1esx^e^5^satthe 
combined  wdth  the  refinance  of  the  furfaces,  muft  counter-  nothing  in  the 

balance  the  united  adtions  of  all  the  reft.  In  confequence,  if  centre,  it  mfu- 

ii  i  1111  fated  5  or  great- 

the  plates  of  metal  be  an  uneven  number,  and  the  whole  ap-  eft  at  the  top, 

paratus  infulated,  the  intenfities  will  diminifh  uniformly  from  arid  nothing  at 

the  two  extremities,  where  they  will  be  equal  and  contrary,  as  -lt  communicates 

in  the  primitive  pile,  to  the  centre,  where  they  will  be  null  ;  with  the  ground, 

but  if  the  bafe  of  the  pile  have  a  communication  with  the 

ground,  the  intenfities  will  increafe  throughout  the  whole  of 

the  pile,  from  the  bottom,  where  they  will  be  null,  to  the  top, 

where  they  will  equal  that  of  the  primitive  pile. 

The  apparatus  juff  defcribed,  which  Mr.  Ritter  calls  a  L-This  fecandary 
condary  pile,  produces  (hocks,  the  decompofition  of  water,  of 

and  all  the  other  phyfiological  or  chemical  effedts  obtained  from  the  common 
the  common  pile,  but  with  lefs  intenfity.  By  varying  the  brut 
number  and  order  of  the  difks  of  padeboard  and  copper,  Mr. 

Ritter  obtained  feveral  interefting  relults.  Thus  he  obferved,  -rhe  fewer  the 
that  of  all  the  modes,  in  which  a  certain  number  of  heterpge- a^n^sjythe 
neous  condudtors  could  be  difpofed,  the  arrangement  that,  has  the  eletfricity 
lead  alternation  is  molt  favourable  to  the  propagation  of  elec-  flows  o If, 
tricity .  For  indance,  if  a  pile  be  condrudted  of  fixty-four 
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and  the  con¬ 
trary. 


plates  of  copper,  and  fixty-four  pieces  of  wet  pafteboard, 
difpofed  in  three  parcels,  all  the  pafteboards  being  placed  to¬ 
gether  in  the  middle,  and  thirty-two  plates  of  the  metal  at 
each  end,  this  pile  will  conduct  the  electricity  from  Volta’s 
very  Ireely,  and  consequently  charge  itfelf  very  little.  If  the 
feries  ot  wet  conductors  be  interrupted  by  a  Tingle  plate  of  cop¬ 
per  placed  in  the  midft  of  them,  the  conducting  power  will 
diminilb ;  more  frequent  interruptions  will  enfeeble  it  ftill  more; 
and  thus  by  increafing  the  number  ot  interruptions  we  arrive 
at  a  leries,  in  which  the  conducting  power  will  be  fcarcely  per- 

Thoiigh  weak  ceptible.  Thefe  phenomena  led  Mr.  Ritter  to  the  knowledge 
electricity  ex-  f  ,  rr  ...  .  ° 

periences  refill.-  °‘  tlie  retiftanee,  which  a  weak  electricity  experiences  in  patf- 

ance  in  parting  ing  from  one  furface  to  another:  and  this  reTiftance  takes  place 

to  an other  j'dec-  onlv  111  a  weak  ktate>  kor  b>'  a  lingular  properly,  an  eledricity 

t.icity  (trong  ftrong  enough  to  overcome  it  opens  itfelf  a  free  pafTage,  and 
enough  to  over-  flows  off  compIete] 
come  this  panes  *  J 

off  at  once.  We  have  juft  feen,  that  the  conducting  power  of  an  appa- 

ment’affeaS''  raU‘S  miKht  be  varie(1  at  P,eafure-  b}'  altering  its  arrangement, 
the  conducting  ^  was  natural  to  fuppofe,  that  thefe  modifications  would  in- 

b-'fuppofed'it ht  ^uence  tke  ckemical  anfl  phyfiological  effeds  of  the  fecondary 
would  influence  pile  ;  and  Mr.  Ritter  propofed  to  himfelf,  to  afeertain  the  dif- 
the  effects.  ferences  of  this  influence. 

And  it  appeared.  Accordingly  he  fought  how  to  divide  a  given  number  of  wet 
rh.it  the  lewer  and  folid  conductors  fo  as  to  form  a  fecondary  pile,  that  fliould 
receive  the  greatelt  poflible  charge  from  a  given  eledrical  pile. 
Purfuing  this  inquiry,  he  difeovered  two  different  arrangements, 
one  of  which  gave  a  maximum  of  chemical  efteCt,  the  other  of 
phyfiological.  The  firft  conftfts  in  a  fmall  number  of  alterna¬ 
tions.  In  this  cafe  the  conducting  power  is  very  great,  the 
flow  of  the  fluid  continual,  and  the  phyfiological  efted  but 
vveak*  1  he  fecond,  on  the  contrary,  confifts  in  more  nume- 
_ _  rous  alternations;  in  which  the  conduding  power  is  much  lefs, 

^reYte^the*’  ^  and  takes  plaCG  °n^  ^  intervals,  in  momentary  difeharges, 
phyfiological  when  the  reft  fiance  of  the  furfaces  is  overcome.  In  this  the 
eleClricity  efcapes  as  it  were  by  jirks,  and  the  chemical  efted 
refulting  from  i^  is  fcarcely  perceptible.  Thefe  differences 
appear  to  us  to^ndicate,  that  the  chemical  effeds  depend  par¬ 
ticularly  on  a  Irifk  continuous  current  of  the  fluid,  while  th« 

1  i  •  •  •  /•  _  _ 


the  alternations, 
the  greater  the 
chemical  effect ; 


and  on  th<*  con¬ 
trary,  the  more 
numerous  the 


effedl. 

The  former 
therefore  is 
produced  by  a 
hrifk  continued 
ffiw  of  the  elec 


now  or  cne  eiec-  .  r  .  .  uis 

tridtyj  the  lat-  phyfiological  require  fucceffive  fudden  difeharges,  entering 

tei  kv  reDMtpa  :r  u..  n _ i  _  °  ® 


fliock  rcpealwi  tke  organs  as  if  by  fhocks. 


From 
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From  thefe  principles  we  fee,  why  the  apparatus  of  Mr.  Ritter’s  pile 
fitter  is  better  adapted  to  feparate  thefe  two  kinds  of  action  two 

than  any  other.  In  the  common  pile  the  intent! ty  increafes  actions, 
with  the  number  of  pairs  of  me(al,  and  balances  the  refi fiance 
arifinor  from  thefe  alternations;  while  in  the  fecondary  pile  the 
intentity  ot  the  two  extremities  can  never  furpafs  that  of  the 
primitive  pile,  and  the  refifiance  produced  by  the  alternations 
is  entirely  employed  in  modifying  the  current  of  a  given  quan¬ 
tity  ot  electricity. 

In  fine,  if  Volta’s  pile  can  thus  change  the  fecondary  pile  But  Volta’s  pile 
of  Ritter,  this  property  is  owing  to  its  intenfity  being  ex- cou  'nut  charge 
tremely  weak,  and  as  we  may  fay  imperceptible.  A  more eJ ..'aricity^were 
powerful  eledricity,  fuch  for  example  as  that  of  the  common  net  very  weak. 
eleCtrical  machine,  would  pafs  through  the  apparatus  com¬ 
pletely  and  not  produce  the  fame  efFeCts. 

Though  thefe  deductions  appear  to  us  very  natural,  we  of- Thefe  deduc- 
fer  them  only  with  extreme  referve,  and  becaufe  we  think  they  ya^ed^Vcer 
agree  very  well  with  the  fads  obferved  by  Mr.  Ritter.  tain  ties. 

The  differences  that  exit!  in  the  chemical  aCtion  of  common  Caufes  of  dif- 
piles,  in  proportion  to  thefizeof  the  plates,  occur  likewife  in  plcondary  pile 
the  fecondary  piles.  The  arrangement  of  the  pieces  of  pafte- 
board,  their  thicknefs,  the  nature  of  the  folulion  with  which 
they  are  wetted,  and  the  order  in  which  they  are  interpofed.  It  would  be  ufe- 
as  well  as  various-other  trifling  circumfiances,  modify  the  ef-  ^'inveft^ute113 
feels  in  a  thoufand  ways,  which  it  would  be  both  ufeful  and  its  effects, 
curious  to  invefiigate. 


) 


XI. 


On  Spectacles ;  particularly  the  Perifcopic .  In  a  Letter  from 

Mr.  E.  Walker. 


SIR, 


To  Mr.  NICHOLSON. 

Lynn,  March  19,  1804-. 


'< 


Although  the  improvements  which  been  made  Spectacles  have 

in  optics  within  the  Iaft  century,  have  been  fuch  as  even  to  ex-  "^^3 'much 
ceed  the  expectations  of  a  Newton,  yet  our  lpe&acles,  the  as  other  optical 
moft  ufeful  of  all  optical  inftruments,  have.#Sfa»*ned  for  ages  mftrumeats. 

in  the  fame  fiate  of  imperfe&ion.  Many  alterations,  it  is  true, 

U  2  have 
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.  General  portion 
that  the  rays 
ought  to  fall 
perpendicularly 
on  the  lens. 


Aflertion : 
that  the  perpen¬ 
dicular  rays  are 
leaft  adapted 
to  diftindt 
vilion. 


Genera)  obs. 
of  Dr.  Smith. 


have  taken  place  in  their  form,  but  without  producing  any  bet¬ 
ter  optical  ed'eCt ;  and  this  may  occafion  a  lufpicion,  that  the 
properties  of  the  glades  made  ufe  of,  have  not  been  clearly 
underdood. 

Emerfon  obferves,  that  “  when  glades  are  put  into  frames  for 
fpeCtacIes,  thefe  frames  ought  not  to  be  draight,  fo  as  both 
glades  may  lie  in  the  fame  plane;  but  they  ought  to  be  fo  bent 
in  the  middle,  that  the  axis  of  both  glades  may  be  directed  to 
one  point,  at  fuch  a  didance  as  you  generally  look  with  fpec- 
tacles.  By  this  means  the  rays  will  fall  perpendicularly  upon 
both  glades,  and  make  the  object  appear  diltinct.  But  if  they 
fall  obliquely  upon  the  glades,  it  will  caufe  a  confufed  appear¬ 
ance  in  the  object  Martin  alto  bent  the  frames  of  his  vifual 
glades,  for  the  fame  purpofe  as  above  defcribed.  And  it  ap¬ 
pears  from  Dr.  Wollafton's  defcription  of  his  Perifcopic  Specie 
cles,  that  they  are  alfo  condructed  on  a  principle  to  avoid  ob¬ 
lique  rays  f . 

It  is  very  dngular,  that  this  mode  of  conducting  fpeciacles 
diould  have  been  recommended  by  fo  many  writers  on  optics, 
when  it  is  eadly  proved,  that  the  rays  of  light  which  fall  per¬ 
pendicularly  upon  the  centre  of  a  lens,  enter  the  eye  placed 
near  it,  in  a  more  confufed  date  than  thole  rays  which  fall  upon 
a  lens  obliquely. 

Dr.  Smith,  in  his  complete  fydem  of  optics,  gives  us  this 
general  obfervation  on  vidon.  “  That  the  apparent  didinCt- 
nefs  and  confudon  o t  an  object  depends  upon  the  mutual  in¬ 


clination  of  the  rays  to  each  other  in  any  one  pencil  when  they 
fall  upon  the  eye.”  % 

Illuftratlon  5  This  obfervation  being  admitted,  let  L  L,  Fig.  1.  reprefent 

maintained  that  a  fioul:>Ie  convex  ,ens>  a  o,  a  ray  of  bght  pairing  perpendicu- 
a  pencil  of  rays  kirly  through  its  centre;  cn,  and  d  n,  two  other  rays  nearly 
paling  near  the  parallel  to  the  former.  The  ray  a  o  differs  no  refraction;  but 

will  afford  vifion  the  ra.v  cn  bY  through  the  lens,  will  be  refracted  to- 

lefsdiftina  wards  the  right  jiand,  and  the  ray  d  n,  by  refraction,  will  be 
turned  towards  the  left ;  confequentjy  thefe  rays  have  not  a 
mutual  inclination  to  each  other  when  they  fall  upon  the  eye 
placed  near  the  lens,  as  at  x. 


*  Emerfon’s  Optics,  page  167. 
f  Philofopliical  Journal,  V.  VII.  p.  143. 
t  Elementary  parts  of  Smith’s  Optics,  page  76. 
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Bat,  letrs,  rt,  reprefent  two  other  rays  falling  upon  the —than  a  pencil 
lens  in  an  oblique  diredVion;  thefe  rays  after  paffing  through  f^'fh^cenTer. 
the  lens,  will  both  be  refradted  towards  the  left  hand,  and  will 
therefore  have  ic  a  mutual  inclination’’  to  each  other  when  they 
fall  upon  the  eye  aty,  turned  to  view  an  objedt  in  the  direc¬ 
tion  ry  ;  hence  an  objedt  viewed  in  that  direction,  will  be 
feen  more  didindtly,  than  if  it  were  viewed  through  the  centre 
of  the  lens. 

The  fame  thing  may  be  proved  experimentally,  thus;  let  a  Experiment 
perfon  when  reading  with  fpedtacles  that  are  proper  for  his 
fight,  look  attentively  for  a  moment,  at  a  Tingle  word  through  do&rine. 
the  centres  of  his  glades.  Then  let  him  turn  his  head,  either 
to  the  right  or  to  the  left,  (without  moving  the  book)  fo  that 
the  fame  word  may  be  feen  by  oblique  rays,  and  it  will  appear 
much  more  didindtly  than  before. 

From  what  has  been  advanced  it  appears,  that  when  glades  Inference : 
are  put  into  frames  for  fpedtacles,  thofe  glades  diould  dand  in 
an  oblique  diredtion,  that  the  rays  of  light  iduing  from  an  ob- be  fixed  ob- 

jedt,  li(tuely> 
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jefr,  may  not  fall  perpendicularly  upon  them.  Bending  the 
frames  will  not  effect  this  purpofe,  for  the  glades  mull  be  pa-r 
railed,  as  represented  in  Fig.  2.  where  A  B  represents  the 
frame,  cc  and  dd,  the  fwo  glaffes. 

I  have  a  pair  of  fpectacles  conflru&ed  in  this  manner,  but 
fo  contrived,  that  the  glaffes  may  be  fet  to  any  angle,  to  lhow 
the  different  effects  of  oblique  and  perpendicular  rays. 

The  theory  of  Dr.  Wollailon’s  patent  fpectacles,  may  be 
thus  examined. 

and  that  the  me-  Let  the  lens  L  L  be  taken  away  from  Fig.  1.  and  a  me- 
nifeus  is  not  fu-  njfcus  of  the  fame  diameter  and  focal  diftance  be  drawn  in 

double  convex.  place.  Then  the  rays  rs,  rt ,  after  paffing  through  this 
lens  will  meet  at  ( p )  as  before,  becaufe  this  lens  is  of  the  fame 
focal  di fiance  as  the  double  convex,  by  Hyp. 

Confequently  thefe  rays  will  fall  upon  the  eye  at  y,  in  the 
fame  date  of  convergency  as  before.  Whence  a  lens  of  the 
menifeus  form,  poddies  no  properties,  in  theory,  fuperior  to 
the  double  convex. 

E.  WALKER. 

,^r-,  .s.—~ \.r.-  _ _ _ : _ 

XII. 


Communication  refpefting  the  Chay  Foot,  a  Species  of  Madder 
uftd  for  dying  durable  red  Colours  in  the  Fuji  Indies.  By 
John  Stockwell,  Efq.  * 


Introductory 
Jette’-  to  Mr. 

Taylor. 


Mr.  STOCKWELL  prefents  his  compliments  to  Mr. 
Taylor,  with  a  fample  of  an  article  called  Chay  a  Root,  lor  the 
infpe&ion  of  the  Society  for  the  Encouragement  of  Arts,  &c. 
It  is  in  much  ufe  on  the  Coromandel  coaft,  for  dying.  He  ac¬ 
companies  it  with  a  fhort  extract,  which  will  afford  fome 
information  concerning  it. 

If  Mr.  Taylor  fliould  caufe  any  experiments  to  be  made  upon 
it,  Mr.  Stockwell  will  be  obliged  by  being  favoured  with  the 
refult;  and  if  any  perfon  fliould  think  favourably  of  it,  and  be 
defirous  of  a  quantity,  no  doubt  it  may  be  had. 

Fuji-  India  Warehouses, 

Crutched  Friars,  23d  May,  1803. 


*  Made  to  the  Society  of  Arts,  Adelphi,  and  printed  in  Volume 
XXL  of  their  TranfaCtions* 

o 
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Extract  from  the  Bengal  Commercial  Conf  ultations ,  the  24 th  of 

April,  1798. 

To  W.  A.  E  dmonstone,  Efq.  Secretary  to  the 
Board  of  Trade. 

SIR, 

I  have  the  honour  to  acknowledge  the  receipt  of  your  Letter  to  the 
letter  of  the  31ft  ult.  informing  me  that  I  was  detired  by  the  Tradf  KoarcJ 
Board  to  make  fome  experiments  with  the  Chay  Root,  and  to 
report  whether  I  think  it  will  be  of  any  ufe  to  the  dyers  or 
calico-printers  at  home. 

It  is  rather  furpriting,  contidering  the  pains  that  have  been  The  Chay- root 
taken  in  Europe  to  difeover,  or  at  leaf!  to  imitate  the  method  p^rma^** 

of  dying  the  Turkijh  or  Adrianople  red,  that  fo  little  attention'ncnt  red  to  cot* 
has  been  paid  to  the  equally  beautiful  and  permanent  red  given  tons* 
to  their  calicoes  by  the  natives  of  the  coad  of  Coromandel. 

Although  full  accounts  of  the  pra&ice  of  calico  printing  in  the 
Ead  Indies  were  fent  home  long  ago  by  the  miflionary  Cosur 
Doux,  M.  Poivre,  and  others,  it  does  not  appear  that  the 
European  artids  have  ever  tried  their  (kill  in  the  Chap  root, 
the  drug  by  which  the  admired  red  colour  is  produced,  I  have  Not  pra&ically 
never  heard,  at  lead,  of  any  fuch  attempts,  nor  do  I  believe 
that  the  root  has  ever  been  fent  home.  It  is  evident,  from 
the  manner  in  w'hich  this  drug  is  mentioned  by  Dr.  Bancroft, 
in  his  “  Experimental  Refearches,”  p.  174,  that  well-informed 
writer  had  never  feen  it,  which  I  think  could  fcarcely  have 
happened,  had  it  been  at  all  known  to  the  London  dyers. 

It  is  probable  that  the  tedioufnefs  of  the  Indian  procefs,  as  The  Indian  pro- 
deferibed  by  thofe  who  fent  home  the  accounts  of  it,  confiding  ce^  aPParently 
of  many  tire  fome  manipulations,  continued  during  a  period  of 
nineteen  or  twenty  days,  deterred  the  European  artids  from 
trying  the  effe&s  of  the  Chap  root  in  dying  or  printing  their 
cottons.  What  may  appear  more  extraordinary  is,  that  the 
fame  caufe,  co-operating  perhaps  with  the  natural  indolence 
of  the  people,  and  their  having  cheaper  though  inferior  red 
dyes  at  hand,  has  prevented  the  ufe  of  this  root  from  obtain¬ 
ing  in  Bengal ;  for,  fo  far  as  I  can  learn,  it  is  not  ufed  in  this 
part  of  India.  The  natives  here  are  content  with  the  red  cheaper  drugs 
produced  by  the  Aul  Munjiet  and  other  drugs,  though  the  co-  ufed  at  Bengal, 
lours  yielded  by  thefe  are  far  inferior  to  thole  of  Madras  calicoes. 

On 


knowirin  Eu- 
rope. 
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T xperiments  to 
flvew  whether 
the  Chay  root 
might  be  of  va¬ 
lue  in  Europe. 


Cotton  was 
burred  or  galled ; 


then  wafhed $ 


and  a  defign 
made  with  ace- 
tite  of  alumine ; 

wafhed. 


On  this  account  I  am  furprifed  at  the  ineafure  which  has  been 
adopted,  of  fending  round  hither  luch  a  large  quantity  of  the 
Chay  root  from  the  coaft.  I  apprehend  very  little  or  none  of  it 
will  be  purchafed  at  the  approaching  fale,  in  which  cafe  it  muft 
be  either  returned  to  Madras  or  fent  to  England.  The  expe¬ 
diency  of  this  laft  meafure  mud  depend  on  the  poflibility  of  fo 
abridging  the  procefs  of  dying,  or  printing  cottons  with  Chay 
root,  that  the  Englifh  artids  may  find  it  worth  their  while  to 
have  recourfe  to  it  for  the  reds  and  purples,  indead  of  the 
Smyrna  madder,  or  whatever  other  drugs  they  ufe  for  thofe 
purpofes  at  prefent. 

To  ascertain  this  point,  I  have,  agreeably  to  the  indructions  of 
the  Board,  made  feveral  experiments  with  th eChay  root ;  indeed 
as  many  as  the  fhortnefs  of  the  time,  and  my  other  avocations 
would  permit.  From  the  refultof  thefe  trials,  I  entertain  great 
hopes  that  the  Englifli  calico-printers  will  not  only  diorten  the 
procefs,  fo  much  as  to  finifh  it  within  a  tenth  part  of  the  time 
required  for  the  Indian  procefs,  but  that  they  will  by  the  Chay 
root  dye  their  cottons  of  a  brighter  red  than  can  be  done  by- 
madder,  or  any  other  vegetable. 

It  is  needlefs  to  detail  the  many  trials  I  made,  which  either 
failed  altogether,  or  fucceeded  in  a  very  imperfect  degree.  I 
fhall  therefore  only  mention  that  procefs  which  I  found  to  an- 
fwer  bed,  and  by  which  the  piece  of  cotton  cloth,  which  I 
herewith  fend  you  for  the  infpeftion  of  the  Board,  was  printed. 
Having  made  a  deco&ion  of  two  ounces  of  powdered  Ilurr , 
(the  fruit  of  the  Myrobolona  Citrona*)  in  a  quart  of  water,  I 
took  a  piece  of  Madras  cotton  cloth,  and  boiled  it  in  the  de- 
co&ion  for  about  half  an  hour.  Having  taken  out  the  cloth, 
and  wadied  it  well  with  cold  water,  I  dried  it  in  the  fun,  and 
afterwards  had  it  properly  ironed  and  fmoothed  for  the  pencil. 
I  then  took  fome  of  the  acelite  of  alumine,  made  in  the  man¬ 
ner  directed  by  Dr.  Bancroft,  and,  thickening  it  properly  with 
gum-arabic,  I  delineated  a  flower  with  this  mordant  upon  the 
cloth,  and  dried  it.  in  the  fun.  I  afterwards  wafhed  the  cloth 
in  cold  water,  to  clear  it  of  the  fuperfluous  acetite,  and  dried 
it  again  in  the  fun.  I  then  infuted  about  twro  ounces  of  the 
Chay  root,  coarfely  powdered,  with  about  a  quart  of  water, 
in  a  veflel  well  tinned,  and  letting  it  on  the  fire,  as  foon  as  the 

*  Aleppo  galls  will  probably  anfwer  as  well  as  the  Hurr. 

liquor 
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liquor  began  to  grow  warm,  I  put  the  cloth  into  it,  and  let  it  and  boiled  in  the 

remain  until  it  had  boiled  about  half  an  hour,  during  which  l^Ullon 

the  cloth  was  frequently  Birred.  I  then  took  it  out,  and 

having  rinced  it  well  with  cold  water,  I  put  it  to  dry  in  the 

fun.  The  delineation  of  the  flower  now  appeared  of  a  good  It  gave  a  good 

bright  red,  and  the  ground  of  the  cloth,  though  ilightly  tinged,  red’ 

was  much  lefs  fo  than  I  expelled.  By  wafhing  it  again  with  which  flood 

cold  water,  and  afterwards  with  foap  and  water,  and  ex-  wa^in8>  'vas 

r  ,  improved  by 

poling  it  for  a  whole  day  to  the  fun,  during  which  it  was  foap,  and  cleared 

frequently  befprinkled  with  water,  I  brought  it  to  the  Bate  in  ^e*Pofurc  t0 

which  you  now  fee  it.  The  whole  procefs  has  only  taken  up 

about  fix  and  thirty  hours.  I  fhould  have  mentioned  that  the 

wafhing  with  foap  heightened  the  brightnefs  of  the  red  con- 

fiderably. 

Making  allowance  for  my  want  of  experience  in  the  praftice  This  rough  eBay 
of  dying,  and  confidering  the  great  improvement  which  may  encouraging, 
be  expedled  in  the  procefs  from  the  fuperior  fkill  of  the  Englifh 
artifls,  I  think  we  may  conclude,  even  from  this  imperfect 
eBay,  that  the  Chay  root  will  be  a  valuable  acquisition  to  the 
Englifh  calico-printers.  I  therefore  recommend,  that  fo  much 
of  the  root  as  may  remain  unpurchafed  at  the  fale,  or  at  leafl 
that  a  part  of  it  may  be  properly  packed  up  and  fent  to  Eng¬ 
land  by  one  of  the  Blips  now  under  difpatch. 

This  drug  is  the  root  of  a  plant  called  by  the  botaniBs  Olden -  Some  account  of 
landia  Umbellata.  I  have  not  met  with  it  in  this  part  of  India ;  t^le  druS* 
but  it  grows  naturally  on  the  coaB  of  Coromandel,  where  it  is 
alfo  cultivated  in  great  abundance,  for  the  ufe  of  the  dyers  and 
calico-printers. 

The  fample  which  you  fent  me  appears  to  be  of  a  good 
quality,  and  in  good  condition.  It  is  faid  that  the  root  will 
remain  with  its  virtues  entire  for  feveral  years,  and  that  they 
are  even  improved  by  keeping.  If  this  be  the  cafe,  and  pro¬ 
vided  the  dyers  at  home  find  it  anfwer,  this  circumBance  is  a 
very  favourable  one,  and  muB  enhance  the  value  of  the  drug 
as  an  article  of  commerce. 

I  am,  &c. 

(Signed)  J.  FLEMING, 

Export  Warehovfe ,  Infpedor  of  Drugs. 

6th  April,  1798. 
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Minute  of  the  Board,  of  Trade,  dated  April  10,  179S. 


Opinion  of  the  The  Board  are  of  opinion,  that  the  refult  of  the  Infpe&or's 

Board  of  I  rade,  experiments  will  afford  very  acceptable  information  to  the 
that  the  root  will  \  .  T,  i  j  .  -r  a  •  •  „  ,  , 

be  acceptable  to  calico-printers  in  England;  and,  if  their  operations  Ihould 

calico-printers,  proVe  his  ideas  to  be  well  founded,  the  plant  may  prove  a 

th-  e.  b'com-  valuable  acquifition  to  the  manufacturers  of  Great  Britain, 

pany.  and  alfo  an  article  of  commerce  from  the  coaft  particularly 

ufeful,  as  there  is  a  want  of  coad  articles  of  low  value,  as  well 


light,  as  a  (Efficiency  of  ponderous,  to  make  up  a  proper  cargo 
for  a  large  fhip,  without  (welling  its  value  to  too  great  a  ri(k, 
as  would  be  the  cafe  were  a  (hip  to  be  loaded  entirely  with 
piece  goods. 


XIII. 


Defer  iption  of  art  Apparatus  for  raifeng  Water  by  the  Fall  of  Wajle 
Water.  By  Mr.  Sharp les,  Portrait  Fainter,  Bath.  Com - 
municated  by  the  Author. 


Advantages  to 
be  derived  from 
the  fall  of  water 


Small  mills  in 
Portugal. 


A  very  fmall 
brook  may  do 
work* 


iLVERY  drop  of  water  that  falls  may  be  confidered  as  a 
natural  power  capable  of  doing  forne  work  ;  and  it  would  be 
productive  of  conffderable  benefit  in  many  domeffic  and  ma. 
nufacturing  exigencies,  if  fmall  dreams  and  currents  defend¬ 
ing  along  the  (ides  of  hills,  or  even  through  the  meadows, 
were  employed,  by  the  application  of  fimple  machinery, 
to  adid  the  labours  of  man.  I  am  informed  that  numerous 
little  mills  for  grinding  corn  are  didributed  over  the  face  of 
the  country,  in  Portugal,  upon  very  inconfiderable  rivulets ; 
where  they  not  only  add  to  the  general  product  of  human 
work,  but  may  alfo  perhaps  tend  to  equalize  the  price  of  grain 
to  the  confumer.  And  indeed  if  it  be  confidered  that  a  fmall 
dream  of  about  a  yard  wide,  running  over  an  obdacle  to  the 
depth  of  an  inch,  and  having  fpace  to  defend  through  twelve 
inches,  would  do  half  as  much  work  in  the  24  hours  as  a  horfe, 
whether  in  grinding  corn  or  turning  an  engine,  or  railing  water 
for  ufeful  purpofes,  we  (hall  be  druck  with  the  neceflity  of 
enquiring  whether  any  falling  water  whatever  fliould  be  dif¬ 
fered  to  defend  without  due  employment  in  its  courfe. 


The 


ENGINE  TO  RAISE  WATER. 


The  ingenious  gentleman  who  has  favoured  me  with  the 
(ketch  from  which  Plate  XVI.  was  made,  has  directed  his 
invention  to  teach  us  how  the  wafte  water  of  our  apartments, 
and  other  fimilar  places,  may  be  made  to  raife  other  water  in 
its  defcent ;  and  the  Ample  engine  he  propofes  for  that  purpofe 
confifts  of  the  following  parts  : 

A,  B,  and  C  reprefent  three  veflels  or  compartments.  The 
upper  compartment  A  is  an  open  trough,  or  wafte  receptacle, 
which  can  be  emptied  into  the  fecond  clofe  veflel  B,  by  turn¬ 
ing  the  cock  D;  which  cock,  by  the  fame  motion,  opens  the 
communication-pipe  land  an  air-pipe  H,  to  fuffer  the  included 
air  to  iflue  out.  N  and  M  are  the  two  legs  of  a  fyphon  ;  the 
fliorter  N,  communicating  with  the  refervoir  O,  containing 
water,  and  the  longer  M,  communicating  with  a  trough  P, 
at  a  lower  level  which  overflow's  into  the  drain.  The  cock  F, 
by  the  fame  turn,  opens  or  fliuts  both  thefe  pipes  at  once. 
And  laflly,  the  pipe  G  forms  a  communication  from  the  upper 
part  of  the  receptacle  B  to  the  upper  part  of  C.  The  procefs 
may  be  thus  explained  : 

When  D  is  opened,  the  middle  veflel  B  receives  vvafle  water 
from  A.  If  D  be  then  fhut  and  F  opened,  the  longer  fyphon- 
leg  M  admits  the  wafte  water  to  flow7  into  P  ;  leaving  a  (pace 
in  B  wherein  the  air  in  C  as  well  as  B  expands  (writh  a  dimir 
niflied  fpring)  by  means  of  the  pipe  G.  The  prelfure  of  the 
atmofphere  on  the  water  in  O  will  therefore  raife  that  fluid 
into  C,  provided  the  height  be  not  too  great;  and  if  the  dif¬ 
ference  between  the  heights  of  the  veflels  B  and  C  be  equal  to 
that  between  O  and  P,  the  quantity  of  freth  water  raifed  may- 
equal  that  of  the  wafte  which  defeends  from  the  greater 
height. 

The  cock  Eferves  to  draw  off  the  water  fo  raifed;  at  which 
time  it  is  convenient  that  the  cock  F  thould  be  fliut;  and  this 
fhould  alfo  be  done  whenever  the  cock  D  is  opened.  This 
may  eafily  be  made  to  take  place  by  a  Ample  connection  be¬ 
tween  the  cocks,  without  depending  on  the  (kill  or  diligence 
of  the  fervant. 

W.  N. 
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Engine  for  em¬ 
ploying  wafte 
water. 


Defcription. 

It  is  a  fyphon 
with  compart¬ 
ments. 


The  foul  water 
runs  down  one 
leg,  and  clean 
water  afeends  by 
the  other. 


On 
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XIV. 


Mr.  B.  employs 
lead,  on  account 
of  its  great  dila- 
tability. 

His  compenfa- 
tion  made  by  a 
central  rod,  l  br¬ 
ioches  by  \  an 
inch. 


Its  advantages. 


Mode  of  correft- 
ing  the  compen- 
fation. 


On  Gridiron  Pendulum  Pods  compofed  of  Lead  and  Iron.  By 

Mr.  Benzenberg  *. 

"Mr  .  B.  was  induced  to  employ  lead  on  account  of  its  great 
disability,  which  is  to  iron  as  2.57  to  1,  fo  that  16.5  inches 
of  lead  compenfate  1.3  of  iron  ;  and  he  chofe  iron  in  prefer, 
ence  to  fteel,  becaufe  eafier  to  work.  The  compenfation  was 
made  by  a  (ingle  rod  in  the  centre,  16|  inches  long,  French 
meafure,  and  \  an  inch  thick.  It  was  limply  pinned  into 
gorges  in  the  crofs-piece  of  copper ;  but  the  other  parts  of  the 
gridiron  were  rivetted  in  the  ufual  way.  The  iron  rods  were 
made  of  the  bed  thick  iron  wire. 

The  materials  of  this  pendulum  are  cheap,  and  it  may  be 
made  in  a  couple  of  days.  As  the  preffure  takes  place  in  a 
vertical  dire&ion,  there  is  no  danger,  according  to  Mr.  B.  of 
rods  of  thefe  dimenfions  bending. 

To  rorreft  the  compenfation,  the  central  rod  of  lead  mud 
be  left  fo  long  that  we  may  be  lure  the  compenfation  is  in  ex- 
cefs.  The  quantity  of  error  may  then  be  found  by  the  freezing 
apparatus,  and  how  much  it  is  requifite  to  cut  from  the  rod  may 
be  calculated  writh  the  greated  exa&nefs. 


XV. 


On  the  Advantages  of  a  large  Knife  in  making  Pens.  By  a  Cor» 

refpondent . 


To  Mr.  NICHOLSON. 

SIR, 


The  edge  of  a 
large  knife  is 
better  than  that 
ot  a  fmall  one. 


Useful  difeoveries  are  fometimes  derived  from  the  com¬ 
mon  occurrences  of  life  ;  and  that  which  I  am  now  going  to 
mention,  is  a  mere  accident  of  this  kind.  About  three  years 
ago,  I  took  up  a  large  pocket  knife  w-hich  had  been  newly 
ground,  and  ufed  it  for  making  a  pen,  and  was  not  a  little 
furprized  to  find  that  it  anfw'ered  the  purpofe  much  better  than 


*  Voigt's  Magazin  fuer  den  nevejlen  Zuf  ancle  de  Naturkunde , 
Vol.  IV.  p.  787, 
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ny  penknife  I  ever  had.  I  mentioned  this  circumftance  foon 
after  to  the  cutler  who  made  the  knife.  He  faid  that  he  had 
no  doubt  ot  the  truth  of  my  obfervation,  as  lie  could  harden 
and  temper  a  large  blade  better  than  a  lmallone;  becaufe 
there  is  more  difficulty  in  afcertaining  the  proper  degree  of 
heat  in  the  latter  than  in  the  former. 

And  it  may  perhaps  be  a  mechanical  truth,  that  a  flrong  And  perhaps  the 
knife  will  overcome  the  refinance  of  a  hard  quill  with  lefs  ex»  ^^h,ullcal 
ertion  ot  the  hand  than  a  weak  one.  The  blade  of  the  knife 
that  I  ufe,  and  which  gave  rife  to  thefe  obfervations,  is  four 
inches  in  length  and  half  an  inch  in  breadth. 

It  may  perhaps  be  fuppofed  that  a  knife  of  thefe  dimenfions  It  may  with  con- 
is  improperly  conftrudied  tor  cutting  the  Tides  of  a  pen  into  a  vantag^bTufed* 
curve,  but  it  will  be  found,  on  trial,  that  the  breadth  of  the 'as  a  penknife, 
blade  is  no  impediment,  for  it  is  the  form  of  its  edge  which 
it  receives  by  whetting,  that  renders  a  broad  blade  quite  as 
manageable  as  a  narrow  one. 

I  am,  SIR, 

A  confiant  Reader  of  your 
Truly  valuable  Journal, 

March  <2 2,  1804.  W. 


XVI. 

Communication  ref peeling  an  Article  fent  from  the  Eajl  Indies , 
under  the  Name  of  Gum  Kuteera ,  and  of  which  a  large  Quan¬ 
tity  has  been  lately  imported  into  this  Kingdom.  By  Mr. 

John  Co wi^e  *. 

To  Mr.  TAYLOR. 

SIR, 

There  is  a  gum  produced  in  feveral  parts  ot  Oude  and  Gum  refemblin& 
the  adjacent  provinces,  fo  nearly  refembling  gum  tragacanth,  §•  traSacanth» 
as  to  have  been  taken  for  it  by  many  ;  and  large  quantities  of 
it,  of  late  years,  have  been  imported  into  Europe,  under  this 
miftaken  opinion.  But  it  is  now  well  afeertained,  that  this  gum 
(which  in  the  country  language  is  called  kuteera)  is  the  pro¬ 
duce  of  a  particular  tree,  of  quite  a  different  fpecies  from  the 

*  Society  of  Arts,  V«l,  XXI. 
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but  not  fo  gluti¬ 
nous,  or  appli¬ 
cable  to  the  fame 

ufes. 


Description  of 
gum  kuteera. 


It  promifes  to 
be  ufeful  in 
other  rtfpe&s. 


Large  quant' tics 
are  now  in  the 
India  ware¬ 
houses. 


thorny  bufh  which  yields  the  tragacanth  ;  and  being  imper¬ 
fectly  foluble,  and  pofleffing  but  little  of  a  glutinous  nature, 
renders  it  inapplicable  to  the  purpofes  for  which  gum  traga¬ 
canth  is  ufed.  I  am  neverthelefs  of  opinion,  that  this  gum 
might  be  found  ferviceable,  in  one  way  or  other,  to  fome  of 
the  arts  and  manufactures,  and  am  therefore  induced  fhortly 
to  deferibe  it,  and  the  ufe  to  which  it  is  applied  in  India,  with 
a  view  of  exciting  any  of  your  ingenious  correfpondents  to 
make  experiments  on  it,  and  determine  its  real  value,  or  ab- 
folnte  inutility. 

Tfie  kuteera  is  in  loofe  wrinkled  drops  or  pieces,  void  of 
fmell  and  fade,  of  a  whitifn  colour,  and  modly  tranfparent. 
In  water,  it  flowly  forms  itlelf  to  a  pulp  or  jelly,  and  is  nearly 
taftelefs ;  but,  if  pounded  well  in  a  mortar,  and  then  boiled 
in  water  for  fifteen  minutes,  dining  it  all  the  time,  it  will  be. 
found  completely  dijjblved.  A  tea-fpoonful  of  this  powder  gives 
to  three  pints  of  water  the  confidence  of  capillaire.  Might  it 
not  in  this  date  be  of  fervice  to  painters  and  artificial  florids, 
or  even  ufed  to  give  a  glofs  to  li Iks The  natives  of  India 
make  a  varnilh  by  mixing  kuteera  with  other  gums ;  and  I 
have  been  told,  they  likevvife  make  ufe  of  it  in  the  printing  of 
calicoes.  It  is  the  principal  ingredient  in  a  medicine  they  give 
to  their  horfes  in  certain  dileafes,  and  in  this  refpect  is  of  very 
general  confumption. 

I  dial!  only  add,  that  many  tons  of  this  gum  are  now  lying 
in  the  Ead  India  Company’s  warehoufes,  totally  unfaleable,  or 
that  will  not  fell  for  more  than  the  fird  cod  in  India;  and  if 
this  notice  ihall  be  attended  with  beneficial  confequences,  I 
Ihall  derive  great  fatisfa&ion  in  the  reflection  of  having  ferved 
the  intered  of  the  fpeculators  in  this  drug,  amongd  whom  I 
could  formerly  number  myfelf;  and  I  believe  I  was  the  fird 
importer  of  it  into  this  country. 

I  am,  SIR, 

Your  molt  obedient  Servant, 

Finfbury-fquarcy  JOHN  COWIE. 

2 btk  May ,  IS02. 
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XVII. 

Galvanic  Experiments  with.  Ice,  and  a  Method  of  rendering  the 

Ele&ric  Attraction  of  the  Pile  very  evident.  B\ /  S.  P. 

Bouvier,  of  Jodoigne,  Member  of  the  Society  of  Emulation, 

of  Natural  Hiftory  and  Phyfics,  at  Brujfds  *. 

I  AVAILED  myfelf  of  the  firP  froPs  this  year  to  make  fome 
experiments  on  ice,  both  as  an  interpofed  fubPance,  and  as 
an  exciter  and  condu&or. 

Experiment  1.  A  pile  was  formed  of  eighty  pairs  of  plates  of 
zinc  and  filver,  and  as  many  very  thin  difks  of  ice.  It  not 
only  did  not  give  the  flighted  Pioek,  but  did  Dot  excite  the 
lead  tafte  on  the  tongue,  or  produce  the  fmalleP  luminous 
effect.  I  left  it  Panding  for  feveral  hours,  but  found  no  diP’er- 
ence  in  the  refult. 

Exp.  2.  I  arranged  ninety  diflcs  of  ice  in  pairs  with  as  many 
crown  pieces,  and  placed  between  the  pairs  pieces  of  paPe- 
board  impregnated  with  a  folution  of  fait.  This  combination 
produced  no  more  ePe£t  than  the  preceding. 

Exp.  3.  The  fame  number  of  diPcs  of  ice  were  paired  with 
as  many  of  zinc,  and  wet  paPeboards  interpofed  as  before,  with 
the  fame  refult. 

Exp.  4.  I  made  a  pile  of  a  hundred  and  twenty-eight  pairs 
of  zinc  and  filver,  interpofing  paPeboard  impregnated  with  a 
faline  folution.  This  pile  gave  fuch  Prong  Piocks,  that  they 
extended  to  the  Pioulders  with  violence.  On  forming  the  circle 
of  this  pile  with  the  hands  armed  with  little  pieces  of  ice,  all 
the  power  of  giving  a  fhock  was  intercepted.  I  then  took  a 
piece  of  ice  in  my  mouth,  and  brought  it  into  contact  with  the 
fummit  of  the  pile,  while  with  my  hand  I  touched  its  bale; 
but  no  taPe  was  perceived  on  my  tongue. 

The  thaw  prevented  my  purfuing  this  inquiry  any  farther. 
If  the  froP  return,  I  will  pair  difks  of  filver  with  caP  dilks  of 
muriate  of  lime,  of  pure  potafh,  and  of  fulphur  of  potaPi, 
in  order  to  produce  in  the  firP  two  cafes  an  a£iion  of  phyfical 
folution,  and  in  the  laP  a  chemical  a<5iion,  after  the  manner  of 
Davy. 

*  Journal  de  Chimie,  parVanMons,  for  January  1803,  No.  XT. 

p.  52. 
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A  pile  of  8a 
pairs,  feparated 
by  thin  difks  of 
ic£,  produced  no 
effeCt. 


A  pile  of  90 
pairs  of  ice  amt 
filver,  with  wet 
pafteboard  inter¬ 
pofed,  had  no 
effeCt. 

Ice  with  zinc 
was  equally  in¬ 
active. 

128  pairs  of  zinc 
^nd  filver,  fepa¬ 
rated  by  wet 
pafteboard,  gave 
ftrong  ftiocks 
felt  in  the  fhoul- 
ders  3  but  if 
touched  with  a 
bit  of  ice  held  in 
the  hand,  no¬ 
thing  was  felt. 

It  could  not  even 
excite  tafte, 
when  the  com¬ 
munication  was 
made  with  ice. 
Farther  experi¬ 
ments  propofed 
with  muriate  of 
lime,  pure  pot- 
afh,  and  fulphu- 
ret  of  potafh. 
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On  a  pile  of  140 
feries,  a  delicate 
magnetic  needle 
wai  fufpended 
on  approaching 
the  hand  to  it, 
an  ofcillatory 
motion  took 
place,  but  the 
magnetic  attrac¬ 
tion  appeared  to 
be  ft ronger  than 
the  ele&ric. 


A  common  pin, 
fufpended  in  the 
fame  way,  was 
attracted  by  a 
wire  communi¬ 
cating  with  the 
pile,  at  the  dif- 
tance  of  fome 
lines. 


A  filver  thread, 
fufpended  from 
a  knitting- 
needle,  placed 
on  the  fummit 
of  the  pile,  was 
attracted  by  the 
finger. 

When  the  com¬ 
munication  was 
made  with  a 
brafs  wire,  vivid 
fparks  were 
given  out,  the 
filver  was  ox- 
ided,  and  part 
of  it  melted. 
The  fame  eft'eCts 
took  place  re¬ 
peatedly. 

A  filver  thread, 
fufpended  from  a 
wire  fixed  to  the 
fummit  of  the 
pile,  was  at- 
tradled  by  one 
hand,  wh.  n  the 
other  was  dipped 


Exp.  5.  On  a  pile  of  140  feries  of  zinc,  filver,  and  pafte- 
board,  impregnated  with  a  folution  of  fait,  I  placed  an  iron 
pivot,  and  on  this  pivot  a  very  delicate  and  fentible  compafs 
needle.  The  friCfion  was  almofl:  nothing.  I  firff  applied  one 
hand  to  the  hafe  of  the  pile,  and  I  carried  the  other  near  to 
the  needle.  I  obferved  a  flow  and  ofcillating  approach  ;  hut 
the  needle  was  inceffantly  invited  to  relume  the  magnetic  di¬ 
rection,  whence  I  inferred,  that  the  polar  attraction  exceeded 
the  eleclric.  I  tried  then  to  render  the  tranfmiflion  of  the  fluid 
more  eafy,  by  making  it  glide  over  a  metallic  conductor,  as  a 
brafs  wire  ;  but  the  refult  was  the  tame  as  when  I  made  the 
fluid  pafs  through  my  arm. 

Exp.  6.  To  the  magnetic  needle  ufed  in  the  preceding  ex¬ 
periment,  I  fubflituted  one  made  of  a  pin,  the  movement  of 
which  alfo  I  rendered  very  free.  I  approached  this  needle  with 
the  extremity  of  a  brafs  wire  that  communicated  with  the  hafe 
of  the  pile,  and  I  perceived  it  turn  with  rapidity,  at  the  dif- 
tance  of  a  few  lines,  to  ruth  againft  the  wire.  A  fimilar  com¬ 
munication  eflablillied  through  the  arms  afforded  the  lame 
refult. 

Exp .  7.  I  placed  on  the  fummit  of  the  pile  an  iron  knitting- 
needle,  bent,  and  fufpended  to  it  a  filver  thread,  as  it  is  called, 
ufed  for  embroidery.  I  completed  the  circle  with  one  of  my 
fingers,  approaching  the  thread  gradually  with  it.  At  a  certain 
diflance  the  thread  applied  itfelf  to  my  finger,  and  remained 
adhering  to  it,  though  it  was  perfectly  dry. 

Exp.  8.  I  repeated  the  preceding  experiment,  only  form¬ 
ing  the  communication  by  means  of  a  brafs  wire.  The  at¬ 
tractive  effeCt  equally  took  place,  and  very  vivid  fparks  were 
given  out  between  the  wire  and  the  thread,  which  oxided  the 
latter  over  all  its  furface,  and  melted  a  part  of  it  feveral  lines 
in  length. 

All  thefe  experiments  were  repeated  agreat  number  of  times, 
and  always  with  the  fame  fuccei’s. 

Exp.  9.  In  the  upper  dilk  of  a  pile  of  97  pairs  of  zinc  and 
filver,  I  fixed  an  iron  wire,  and  fufpended  to  it  a  fimilar  filver 
thread.  At  the  foot  of  the  pile  was  a  communicating  bafin, 
in  which  was  a  folution  of  fall.  Dipping  one  hand  into  the 
bafin,  and  bringing  the  other  near  the  thread,  this  immediately 
came  and  (fuck  to  it.  When  I  took  my  hand  out  of  the  bafin, 

the 
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ihe  thread  immediately  quitted  the  other,  but  duck  to  it  again 
when  I  redipped  my  hand  into  the  bafm  ;  and  fo  on  alter¬ 
nately. 

Exp.  10.  1  repeated  the  preceding  experiment,  fixing  a 

brafs  wire,  in  order  to  obtain  more  firmnefs  in  the  contact  with 
the  thread,  into  a  block  of  lead,  placed  on  the  table  on  one 
fide  of  the  pile.  I  bent  the  wire  into  a  crook,  and  fufpended 
from  it  an  embroidering  thread,  which  I  placed  at  a  fmall 
diftance  from  the  knob  of  the  pile.  As  often  as  I  held  one  of 
my  hands  wet  againft  the  block  of  lead,  and  dipped  the  other 
into  the  water  in  the  bafin,  the  thread  applied  itfelf  to  the 
button  of  the  pile,  and  fiuck  there  ;  but  it  quitted  it  as  foon  as 
I  interrupted  the  communication  by  withdrawing  either  hand. 
This  experiment,  repeated  more  than  fifty  times  following, 
was  conftantly  attended  w'ith  the  fame  refult. 
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into  a  bafin  of 
fait  and  water 
communicating 
with  the  pile. 

A  lilvcr  thread, 
fufpended  from 
a  wire  fixed  in  a 
block  of  lead  on 
the  table,  was 
attracted  by  the 
knob  of  the  pile, 
when  one  hand 
was  dipped  into 
the  bafin,  and 
the  other, 
wetted,  touched 
the  lead  5  but  on 
removing  either 
hand,  the  effect 
ceafed. 


XVIII. 

Experiments  on  the  Activity  of  a  Galvanic  Pile ,  in  luhich  thin 
Strata  of  Air  are  fubjlituted  injtead  of  the  Wet  Bodies.  By 
Mr.  Dyck hoff  *. 


IVJlR.  RITTER  has  obferved  f>  that  all  fubfiances  which, 
when  interpofed  between  the  conftituent  parts  of  the  pile,  ex¬ 
cite  electricity,  are  active  only  fo  far  as  they  contain  moifture; 
and  he  afierts,  that  it  is  impoflible  to  con  ft  ruct  an  adtive  pile 
without  the  intervention  of  a  wet  fubftance.  I  take  the  liberty 
to  oppofe  to  this  affertion  an  experiment,  by  which  it  is  con¬ 
tradicted.  I  conftructed  a  pile  with  difks  of  copper  and  zinc, 
and  little  bits  of  thin  green  glafs,  about  the  fize  of  a  lentil,  three 
of  which  J  placed  triangularly  in  the  intervals  that  feparated 
the  metallic  plates.  Thus  between  each  pair  of  metals  I  had 
a  thin  ftratum  of  air  inftead  of  a  wet  fubftance  \  and  the  fol¬ 
lowing  were  the  refults : 

J .  A  pile  of  ten  pairs,  tried  by  the  condenfer,  aflected  the 
electrometer  as  powerfully  as  a  common  pile  of  five  pairs. 

*  Voigt's  Magaxin  fuer  den  netevefien  Zujland  der  Naturkunde , 
Vol.  IV.  p.  791. 

f  Jntelligenzblatt  der  allgemeinen  Litteraturzeitung,  1302, 
No.  193. 


Ritter  afierts, 
that  moifture  is 
neceftary  in 
Volta’s  pile. 


But  a  pile  of 
copper  and  zinc 
in  pairs,  fepa¬ 
rated  by  bits  of 
glafs,  fo  as  to 
interpofe  air 
alone,  Exhibits 
eleftricity  ; 

though  only  in  a 
degree  equal  to 
that  of  a  com¬ 
mon  pile  half  as 
high. 


Vol.  VII. — Aff.il,  1  304. 


X 
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EFFLORESCENCE,  &C.  OF  GLASS  TUBES. 


Damp  air  did  2.  The  aftion  remained  invariable  as  long  as  the  air  conti- 

not  aniwcr  fo  nuc(j  (jry  •  but  damp  air  appeared  lefs  favourable  to  the  pile, 

well  as  dry,  ap-  J  r  rr  .  .  •  , , 

parently.  3.  The  lame  degree  or  electricity  was  communicated  by  the 

1  he  eleftricity  p|Je  to  a  Leyden  phial. 

was  transferable 

to  the  Leyden  1  he  plates  were  only  three  inches  in  diameter.  As  they 
phial*  had  already  been  ufed  for  a  pile  in  which  wet  lubllances  were 

of  the eleftricity  interpofed,  and  were  much  corroded,  I  took  off  the  oxided 
perhaps  owing  portions  by  a  tile  ;  but  the  plates  dill  remained  rough  and  un- 

oVthVpljte  "  ^even  ’  aru^  to  ^is  cireumdance  I  aferibe  my  not  obtaining  a 
higher  degree  of  electricity.  I  have  yet  had  no  opportunity 
of  repeating  the  experiment  on  a  larger  fcale  ;  but  the  refult  I 
obtained  appeared  to  me  fufticient  to  render  the  affertion  of 
No  reafon  why  Hitler  at  lead  quedionable.  1  fee  no  reafon  why  glafs,  thin 
glafs,  See.  thould  ftra(a  Gf  fealing  wax,  or  the  like,  Ihould  not  have  the  fame 

pile,  as  in  the  effeft  on  Volta’s  pile  as  in  the  condenfer.  For  the  experiment 

condenfer.  to  fucceed,  it  is  necedary  that  the  bits  of  glafs  diould  be  as  thin 
The  glafs  rauft  ,  6  ....  x  ... 

be  as  thin  and  and  even  as  pofhble  ;  tor,  it  the  Itraluin  of  air  be  too  thick,  it 

even  as  pofhble,  js  natural  that  the  electricity,  which  is  excited  in  fuch  a  feeble 
that  the  ftratum  ,  ,  ,  .  . 

of  air  may  be  fo.  degree  by  tiie  contact  of  the  two  metals,  ihould  remain  in¬ 
active  on  (he  adjacent  metallic  pairs. 


XIX. 

Ex’ rad  from  a  Letter  from  Mr.  J.  B.  Van  den  Sandi;, 
Profefjbr  at  Luxembourg ,  on  the  Effiorcfccncc  and  Decompc- 
fition  of  Glafs  Tubes  *. 


Oxidation  of 
white  glafs  not 
uncommon. 

Old  barometer- 
tubes  expofed  to 
flame,  turned 
white  and  opake; 


and  the  fame  if 
limply  heated. 


I  HAVE  lately  had  an  opportunity  of  obferving  at  leifure  (he 
common  phenomenon  of  the  calcination  of  white  glafs.  I  e>;- 
pofed  to  the  dame  of  an  enamelleFs  lamp  fome  old  barometer 
tubes  that  appeared  not  to  have  any  deleft,  in  order  to  bend 
them  intolyphons.  Scarcely  had  they  come  into  contact  with 
the  flame,  when  they  turned  white  and  opake.  One  of  the 
tubes  being  wetted,  I  placed  it  on  a  chamber-dove  to  dry  ;  and 
before  it  was  heated,  it  was  covered  with  a  whitifh  efHorel- 
cence.  Pleating  the  others  produced  on  them  the  fame  eflfeft. 
I  then  removed  the  efflorefcence,  replaced  the  tubes  on  the 
dove,  and  they  became  white  afrelh.  By  continuing  the  ex- 


*  Journ3l  de  Chimie,  par  Van  Mons,  IV.  p.  232. 

periments. 
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periments,  I  reduced  an  eighth  part  of  the  glafs  to  a  very  fine  |  of  the  glafs 
powder;  after  which  the  tubes  were  opake,  and  had  loft  their thUi  efturvelceii* 
polifh. 

The  greater  part  of  this  efflorefcence  exhibited  in  the  mi-  ;n  rhomboids! 
crofcope  rhomboidal  parallelograms ;  the  reft  triangles,  moft  parallelograms 
of  which  were  ifofceles. 


or  triangles. 


Having  poured  nitric  acid  on  a  portion  of  the  eftlorefced 
matter,  it  difTolved  0.20.  One  part  of  this  folution  afforded.  The  effloref- 
on  evaporation,  cryftals  of  nitrate  of  foda  :  the  other  afforded  cencewas  foda* 
no  precipitate  with  potafli. 

Thefe  tubes  were  become  good  conductors  of  the  electric  Thefe  tubes  had 
fluid  ;  which  led  me  to  prefume,  that  their  decomposition  was  hecom^  good 
occafioned  by  the  humidity  of  the  place  where  they  were  eieftricity ;  the 
kept ;  which  humidity,  after  it  had  penetrated  the  furface  of  d-comP°^tlwIt 
the  glafs,  imperceptibly  inftnuated  itfelf  into  its  pores.  This  probabl^tohiT-2 
effiorefcence,  however,  depends  much  on  the  quality  of  the  midity. 
glals ;  for  we  may  obferve  in  the  fame  glafs  frames,  with  a 
fouth  or  fouth-vveft  expofure,  fome  panes  calcined  to  fuch  a  much  on  the 
degree  as  to  become  entirely  opake,  while  others  retain  their 
tranfparency,  and  are  perfe6lly  inta<5t. 


XX. 

On  the  Criterions  or  due  D {/criminations  of  Cyder  Fruit.  By 
Thomas  Skip  Dyot  Bucknall,  Efq .* 

To  CHARLES  TAYLOR,  Efq. 

SIR, 

Herewith  you  receive  a  paper  on  the  criterions  or  due  Or.  cyder  fruit 
difcriminations,  by  which  the  valuable  cyder  fruit  may  be  af-  of^cyder™^1"^ 
certained,  referring  to  my  laft  and  preceding  Papers  on  Va¬ 
rieties. 

Report  fays,  cyders  are  not  well  produced  out  of  the  cyder 
countries.  Were  it  faid  they  are  not  well  made,  the  affertion 
would  be  juft;  but  it  is  a  miftake  to  fuppofe  that  cyder  cannot 
be  made  in  perfection  out  of  thofe  fttuations.  Only  choofe  the 
proper  foil  for  the  fruit,  fee  it  ground  down  to  a  perfect  fmooth- 
nefs,  rind,  pulp,  kernels  and  all ;  duly  fermented. — Tun  the 
liquor  at  the  exact  point  of  time  with  regard  to  fettling,  which 


*  Soc.  Arts,  Vol.  XXI. 
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On  cyder  fruit  is  well  underftood  in  (he  Weft,  and  not  attended  to  elfewhere; 
of^cydcr1”3^1116  an<^  not  rack  **  to°  muc^*  Keep  the  liquor  in  quantity  to 
a  good  age;  and  I  take  the  liberty  of  maintaining,  that  there 
are  places  in  Ilertfordfhire  capable  of  producing  as  good  and 
fine  cyder  as  any  in  Ilerefordfhire. 

1  was  once  atked  what  are  the  impediments  to  a  more  ge¬ 
neral  fine  crop  of  fruit?  My  reply  w'as,  the  coldnefs  and  un¬ 
certainty  of  the  climate,  injudicious  planting,  with  inattention 
and  neglect  in  thofe  who  have  the  management  of  it.  As  for 
planting  and  guarding  againft  cold,  enough  has  been  faid  on 
that  fubjeft  through  the  w-hole  of  my  treatifes.  It  has  beeTt 
obfcrved  the  cyders  were  better  one  hundred  years  ago  than 
they  are  now.  That  may  have  been  the  cafe  ;  and  I  thould 
account  for  the  difference  as  follows: — When  the  gentry  and 
fuperior  yeomanry  of  the  country  depended  on  barley  and  fruits 
to  make  an  agreeable  beverage  for  their  friends,  it  is  natural  to 
fuppofe  that  they  perfonally  fuperintended  the  bufinels  them- 
felves,  and  received  great  fatisfa£tion  when  their  labours  were 
attended  with  fuccefs ;  whereas,  when  Port  wines  became  the 
luxury  of  the  country,  cyder,  of  courfe,  naturally  fell  into 
difufe  at  the  better  tables.  Hence  the  mafters  of  families  were 
no  longer  zealous  to  produce  fine  potent  liquor,  and  giving  it 
as  cyder,  that  being  afligned  to  inferior  ufes. 

Undoubtedly,  where  cyder  is  the  general  drink  of  the 
country,  great  quantities  muft  be  raifed  for  that  purpofe  ;  and 
it  is  done  at  fo  low  and  eafy  a  rate,  as  to  be  fent  from  the  mill 
to  the  neighbours’  cellars  under  three  half-pence  the  gallon. 
What  I  am  attempting  is,  to  be  able  to  produce,  at  a  certainty , 
a  fine  generous  liquor,  fuch  as  may  do  credit  to  the  name  of 
the  cyderift,  and  which  will  depend  much  more  upon  attention 
than  is  generally  imagined. 

After  having  expatiated  on  the  old  and  new  varieties  of  the 
valuable  cyder  fruits,  in  the  laft  volume  of  the  Society’s  Tranf- 
aftions,  I  have  nothing  farther  to  offer  for  the  purpofe  of  do¬ 
ting  the  Orchardift,  than  to  prefent  my  beft  refpedls  to  the 
Society,  and  give  them  the  marked  criterions  as  follow  : — 

My  friend,  Thomas  Andrew  Knight,  Efq.  has  made  good 
diferiminations  in  his  Tract  on  the  Apple  and  Pear.  The 
Soinerfet  report  has  further  extended  the  fubjedt. 

I  fay,  choofe  an  apple  naturally  fmall,  of  a  whitifh  colour, 
fomewhat  tinged  with  red;  of  a  fine  yellow  pulp,  with  a  cer- 
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tain  degree  of  aftringency,  and  as  much  faccharine  matter  as  On  cyder  fruit 
nature  is  difpofed  to  produce;  then  obferve  if  the  cells  are  ancl  Remaking 

...  ot  cyder* 

large,  and  full  of  ripe  kernels;  and  further  ftill,  know  whe¬ 
ther  the  bloflbms  are  patient  of  cold,  and  the  fruit  ripens  well. 

Such  an  apple,  particularly  it  a  new  variety*  properly 
ground  down  and  duly  fermented,  mud  make  good  cyder;  and 
both  as  to  profit  and  ufe,  be  valuable  in  any  neighbourhood,  or 
as  an  article  ot  trade.  The  foundation  is  now  to  well  laid, 
in  the  (eedling  beds  in  the  county  of  Hereford,  that  within 
five  years  there  will  be  more  than  one  hundred  new  valuable 
varieties  produced.  I  lad  autumn  faw  two  mod  beautiful  new 
apples,  of  the  fird  year's  growth,  upon  the  Grange  edate,  and 
which  decidedly  obtained  the  Hereford  premium:  they  were 
feedlings  of  high  promile.  There  is  an  emulation  among  gen¬ 
tlemen  of  that  part  of  the  country,  which  does  them  great 
credit. 

Dr.  Symonds  gives  feveral  of  thefe  diferiminations ;  and  in 
addition  fays: — The  flavour  of  a  good  cyder-fruit  cannot  be 
midaken  by  a  man  converfant  with  apples,  though  difficult  to 
be  deferibed  ;  but  above  all,  he  recommends  to  choofe  apples, 
the  rinds  of  which  have  follicles,  or  cells,  containing  large 
quantities  of  edential  oil,  more  particularly  to  be  noticed  in 
the  old  dire,  golden  pippin,  and  paufon,  and  from  which  Dr. 

Symonds  conceives  the  cyder  in  a  great  meafure  derives  its 
flavour.  It  is  to  be  obferved,  that  the  old  paufon,  woodcock, 
and  red  mufk,  are  generally  large  apples.  The  old  fcorched- 
harvey  is  an  exception  as  to  the  yellow  colour;  that  being 
white,  with  a  brown  fkin.  There  are  other  exceptions;  but 
the  material  criterions  are  here  enumerated  according  to  the 
received  opinion. 

Had  I  formed  thefe  didin&ions  when  I  was  a  boy,  I  fhould 
then  have  faid,  take  any  apple  bordering  on  the  golden  rennet 
or  golden  rutl'et,  and  it  will  make  good  cyder,  inconfequence 
of  fuppodng  that  the  golden  colour  is  of  fervice.  We  had  a 
fine  apple,  the  royal  pearmain;  it  was  more  flat  and  large  than 
the  Seville  orange;  it  had  a  thin  fkin  and  quick  tafte,  with 
much  fweetnefs,  and  made  fine  cyder:  but  I  prefume  that  va¬ 
riety  is  now  over,  as  I  have  not  feen  one  of  them  for  many 
years. 

In  the  October  of  1801,  which  I  fpent  in  Kent  I  wasfhown 
a  new  apple.  The  tree  is  handfome,  and  the  fruit  has  mod  of 

the 
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On  c>dcr  fruit  the  criterions,  but  does  notripen  well,  which  is  a  great  defeat 
and  the  making  jn  Cy(|er  making;  we  named  it  The  Bland  of  Hartlip.  It  has 
the  macula,  or  follicles  in  the  fkin,  more  vifible  than  on  the 
golden  pippin.  I  intend  examining  it  with  attention  at  a  fu¬ 
ture  period,  as  it  is  not  potlible  to  form  a  certain  judgment  on 
it  for  fomc  years.  My  reafon  for  mentioning  the  Bland  of 
Hartlip  is,  to  prove  that  the  idea  of  fearching  after  new  va¬ 
rieties  has  made  a  general  impreflion  throughout  the  kingdom. 

It  was  the  cuftora  formerly,  if  a  new  apple  had  many  good 
points,  but  ripened  late,  to  preferve  the  tree  as  a  new  vari¬ 
ety,  imagining  that,  as  it  advanced  in  age  and  acquired 
ftrength,  the  fruit  would  ripen  the  fooner,  and  confequently 
the  cyder  be  richer.  I  fliould  add  to  it,  lay  the  land  dry,  and 
fpread  plenty  of  manure.  Thefe  attentions  would  much  ac¬ 
celerate  the  wi(Led-for  object  of  improving  the  liquor,  as  well 
as  increafing  the  quantity  of  fruit. 

I  remain. 

Dear  Str, 

Your  obedient  Servant, 

Iho.  Skip  Dyot  Bucknall. 
}Iampton-Court,  Nov.  I  f,  1802. 
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Introductory 

letter. 


Concerning  the  Steam  Engine  from.  Mr.  Blakey,  by  a 
Correfpondent.  B. 

To  Mr.  NICHOLSON, 


London,  March  20,  ISO  L 

SIR, 

Some  time  about  the  year  1776,  I  met  with  an  engineer  of 
the  name  of  Blakey,  in  Holland,  of  whom  Fergufon  the  phi- 
lofopher  and  feveral  other  ingenious  men  have  Ipoken  in  high 
terms.  I  do  not  know  whether  there  is  any  hiltory  of  him  or 
of  his  works;  but  as  many  of  his  contemporaries  mufl  hill  be 
living,  I  fliould  hope  that  this  notice  may  produce  fome  infor¬ 
mation  through  the  medium  of  your  Journal.  I  have  lately 
met  with  a  pamphlet  by  this  author,  intitled  ‘ *  A  Jhort  InJloriaU 
Account  of  the  Invention ,  Theory,  and  Brattice  of  Fire  Machi- 
wry;”  printed  at  London,  in  the  year  1793,  without  book- 

feller’s 
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idler's  name.  It  chiefly  confiflsof  fliort  notices  of  the  author's 
own  operations,  with  academical  teflimonies;  and  I  under¬ 
hand  from  private  information,  that  it  was  publiftied  at  that 
time  by  Air.  B.  in  indigent  circumflances,  with  a  view  to  ob¬ 
tain  fubfcriptions  for  a  large  treatife,  which  has  not  fince  ap¬ 
peared.  Some  ot  your  correlpondents  may  probably  favour 
us  with  an  account  of  the  dilpofal  of  thole  writings  fince  his 
deceafe.  I  have  extracted  the  outline  of  hiftory  of  the  fleam- 
engine  from  the  beginning  of  his  pamphlet,  which,  if  you 
think  will  be  acceptable  to  your  readers,  is  very  much  at  your 
fervice. 

I  remain.  Sir, 

Your  obliged  Reader, 

R.  B. 
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the  beginning  of  (he  fevenleenth  century,  a  modern  Brancas  firft 
philofopher  conceived  the  notion  of  making  ufe  of  fire  and  ap?!'ed  Ste;'m  t6 

0  mechaniim  ;  or 

water  to  obtain  motion.  This  was  Brancas  of  Rome,  who propofedity  1627. 

contrived  a  flamping-mill  to  be  worked  by  fleam,  coming 

from  a  large  xolipile,  as  may  be  feen  in  his  twenty-fifth  plate. 

w  e  are  obliged  to  him  for  a  number  of  ingenious  inventions, 

which  he  dedicated  to  M.  Canci,  governor  of  Loretto,  in 

1628,  and  publiflied  his  work  at  Rome  the  year  following. 

Thirty-four  years  after,  the  Marquis  of  Worcefler  pub- Marquis  of 
li filed  a  little  treatife,  under  the  name  of  ‘‘ Century  of  In- w°rcefter> 

▼  i 66 1 • 

ventions,  printed  in  London,  1663  ;”  he  gave  them  as  if  he 
had  tried  them,  and  propofcd  other  engines  of  great  utility, 
which  only  wanted  encouragement  from  government :  “  Se¬ 
veral  were  nothing  but  projeds,”  faysDefaguliers,  “  but,  where 
he  is  more  explicit,  there  is  one  for  railing  water  by  means  of 
fire.” 

In  the  ads  of  Leipzig,  16 90,  p.  110.  is  to  be  feen  an  in-  Papin,  1690, 
vention,  intitled,  Ci  A  new-  manner  io  procure  a  conflderable 
quantity  of  power  with  little  expence,  by  Dr.  Papin.”  “  In 
this  new  engine,”  he  fays,  “  of  which  we  have  given  a  de- 
fcription  in  the  ads  of  Leipzig,  1688,  and  the  intent  of  which 
was  to  obtain  a  new  method  of  making  ufe  of  gunpowder  as 
a  power  to  give  motion,  the  chief  fault  was,  that  the 
gun-powder,  in  the  under  part  of  the  tube,  did  not  entirely 

fill 
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prop: fed  a  pifton  fill  the  capacity  of  this  tube,  fo  as  to  have  no  air  under  the 
and  con  cnfi-  pjffon  Papin  continues  to  give  reafons  like  a  man  ot  great 

underfianding ;  but  as  there  mud  be  plates  and  defcriptions 
to  explain  the  whole,  I  fhall  fay  no  more  on  the  iubjed,  but 
only  add,  that  the  dodor  did  his  belt  to  obtain  hi*  end  in 
another  manner.  He  thews  that,  with  “  A  little  water 
changed  into  fteam  by  means  of  tire,  we  can  have  an  elaftic 
power  like  air;  but  that  it  totally  difappears  when  chilled, 
and  changes  into  water;  by  which  means  he  perceived,  that 
he  could  contrive  a  machine  in  fuch  a  manner,  that,  with  a 
little  fire,  he  would  be  able,  at  a  fmall  expence,  to  have  a 
perfed  vacuum,  which  could  not  be  obtained  with  gun¬ 
powder.  ”  Among  various  contrivances,  this  appeared  to 

anfvver  the  bed.  In  the  work  itfelf  a  plate  of  this  contri¬ 
vance  will  be  given,  which,  however,  is  not  to  be  compared 
to  what  has  been  invented  fince  Papin,  by  men  who  had  never 
heard  of  him,  and  were  altogether  much  inferior  to  him  in 
theoretical  and  practical  philofophy. 

In  1699,  a  remarkable  year  for  the  honour  of  Englith  in¬ 
genuity,  Captain  Savery  (hewed  to  the  Royal  Society  an  en¬ 
gine  which  railed  water  by  means  of  the  expanlion  and  con- 
denfation  of  (learn  ;  he  publifhed  a  little  treatile,  which  he 
named  “  The  Miners’  Friend  the  defcription  of  this  engine 
is  to  be  feen  in  Harris’s  Didionary  of  Arts,  8cc.  printed  in 
London,  17  04.  This  learned  man  fays  of  Savery’s  engine, 
“  that  with  little  art  it  can  be  kept  in  adionaslong  as  one  will, 
and  that  it  cannot  be  hurt  but  by  flupidity  and  negligence.” 
Harris  looked  on  this  invention  of  Savery’s  to  be  one  of  the 
mod  ingenious  combinations  that  had  ever  been  made  in  hy¬ 
draulics,  and  I  may  add,  that  it  is  furprifmg  that  a  feafaring 
gentleman,  in  all  likelihood  little  ufcd  to  the  working  of 
metals,  (hould  have  brought  his  invention  to  the  perfedion  he 
left  it  in. 


C.ipt  Savery, 
*699. 


*  It  is  feen  that  Papin  is  the  fill  that  thought  of  a  pifton  to  be 
applied  in  fire  machinery,  though  it  was  but  in  a  tube  about  two 
inches  diameter,  yet  it  (hewed  the  utility  of  piftons,  which  the  an¬ 
cient  Greeks  knew  as  well  as  the  moderns,  being  one  of  the  mcft 
fun  pie  inventions  in  hydraulics,  as  maybe  feen  in  Vitruvius,  fpeak- 
ing  of  the  pumps  of  Ctelibus  fcr  the  forcing  water  to  a  great 
height. 


in 
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In  the  memoirs  of  the  Academy  of  Sciences  at  Paris,  page  Amonton’s 
112,  1699,  is  to  be  Teen  an  account  of  Mr.  Amontonks,  who  I^tatnr>  enS"',c> 
(hewed  the  drawing  of  an  engine,  in  which  fire  heated  air* 
which  was  to  force  up  water  on  a  wheel,  to  make  it  turn.  We 
fuppofe  he  under  flood  his  theory  ;  but  to  me  it  appears  im¬ 
practicable,  (hough  it  mufl  be  laid  that  Monfieur  Amonton’s 
notions  are  ingenious  and  ufeful  for  thofe  who  defire  to  know 
to  what  degree  the  expanfion  of  air,  for  procuring  power,  can 
be  brought. 

There  is  alfo  feen  in  the  fame  Academy's  works,  Mr.  D’Alefme  i7°S 
D’Alefme’s  propolal  to  raife  water  by  means  of  fteam,  pro¬ 
ceeding  from  hot  water ;  in  a  machine  (a  fort  of  aeolipile)  in 
which  the  elafticity  of  the  fteam  makes  the  water  fpout  to  a 
great  height,  lo  ftrong  is  that  expanfive  power,"  Auguft  5,  ' 

1705. 

In  1707,  the  famous  Papin  publifhed,  at  Caflel,  a  treatife  PaPin>  *7°7’ 
on  a  new  machine  for  raifing  water  by  means  of  fire;  he 
thought  his  manner  was  better  than  Savery’s.  Pie  fays,  “  All 
the  world  fliall  know'  that  it  is  the  Landgrave  of  Heffe  to  whom 
this  invention  is  due,  and  by  him  it  was  brought  to  the  per¬ 
fection  it  is  in,  though  many  obliacles  wrere  found  in  the  ex¬ 
ecution." 

I  cannot  help  remarking,  what  a  pity  it  is  that  fuch  an  inge¬ 
nious  man  as  Papin  tliould  take  fo  much  pains  to  acquire  the 
reputation  of  being  the  hrfl  in  the  invention  of  fire-machinery. 

To  appear  lefs  partial,  he  takes  from  his  own  merit  to  flatter 
the  landgrave,  who  certainly  did  not  underftand  thofe  matters 
fo  well  as  he;  but,  notwithftanding  the  confideration  that  is 
due  to  a  fovereign  and  to  the  celebrated  Papin,  I  make  bold 
to  fay,  that  this  engine  was  far  from  having  the  merit  of 
Saveryks ;  and  I  can  fay  more,  experience  has  made  me  believe 
that  no  man  has  feen  the  doctor's  engine  work  a  couple  of 
hours,  as  may  be  conceived  from  the  difficulty  he  found  in 
making  fteam,  and  encreafing  its  elaftic  powder  in  his  receiver. 

Papin  has  neverthelefs  given  us  demon  fixation  in  upwards  of 
forty  pages  of  calculations,  wdiich  prove  his  undemanding  and 
learning.  This  machine  is  in  my  academical  works. 

In  1710,  Thomas  Newcomen,  ironmonger,  and  John  Newcomen  ansi 
Cawley,  glafier,  at  Dartmouth,  contrived  to  work  a  pifton  phe^^engin™  ^ 
in  a  cylinder,  by  the  weight  of  the  almofphere  only,  when  with,  a  pifton, 
they  had  formed  a  vacuum  in  their  veffelj  but  it  took  them1710* 

much 
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Defaguliers, 
1718, and 
Moura,  their 
improvements. 


Large  cylinders, 


much  time  to  bring  fuch  a  complication  of  apparatus  to  per¬ 
fection,  for  which  they  were  criticifed  more  out  ofjealoufy 
than  reafon  ;  howrever,  they  brought  their  engine  to  perform 
by  hand  as  well  as  poflible  for  that  time,  much  to  their  honour, 
as  well  as  to  that  of  a  country  boy  whofe  name  was  Humphry 
Potter,  and  who,  to  give  himfelf  time  to  play,  contrived 
tackles  to  make  the  engine  work  itfelf. 

The  bringing  this  engine  to  perform  as  it  did,  proves  that, 
when  nature  is  ingenious,  it  finds  out  the  way  to  come  to  its 
ends  without  the  humdrum  pedantry  of  fchools.  An  iron¬ 
monger,  a  glafier,  and  a  country  boy,  brought  to  perfection 
the  lever  fire-engine,  which  all  the  univerfities  and  academies 
of  Europe  had  not  the  leaft  notion  of  before  thefe  ingenious 
mortals  appeared.  This  difeovery  has  not  befen  improved 
but  in  acceftaries,  and  by  no  means  as  to  principles,  as 
thefe  are  more  fimple,  and  can  work  with  lets  fuel  than 
thofe  fo  much  vaunted,  if  care  is  taken  in  making  them. 

As  Coon  as  thefe  happy  inventions  came  to  light,  Beighton, 
another  ingenious  man,  ftept  forth  and  made  tables  for  the 
dimenfions  of  veffels,  in  proportion  to  the  weight  of  the 
atmofphere,  which  proportions  are  followed  to  this  day.  This 
has  made  the  world  believe  that  the  whole  art  of  tire-ma¬ 
chinery  is  concentered  in  Newcomen  and  Cawley’s  lever- 
engine. 

In  1718,  DoCtor  Defaguliers  made  an  amendment  (ac¬ 
cording  to  him)  on  Savery’s  engine;  but  his  method  wms  not 
followed,  as  it  caufed  the  death  of  the  manager;  which  mult 
often  happen  when  the  dimenfions  are  in  the  manner  he  con¬ 
trived  them. 

After  this  engine,  Mr.  Moura,  a  Portuguefe  gentleman, 
invented  lome  geers  to  make  an  engine,  on  Savory’s  princi¬ 
ples,  to  work  itfelf :  they  were  ingenious,  but  too  complicated 
to  be  put  in  practice. 

The  making  a  fire-engine  for  York-buildings  gave  an  op¬ 
portunity  to  improve  as  to  the  manual  part,  and  to  be  lefs 
expenfive. 

Experience  in  making  fire-engines  has  brought  Mr.  Darby, 
of  Colebrook-dale,  to  make  the  cylinders  large  enough  to 
have  a  vacuum  in  them,  equal  to  the  weight  of  8(),000lb.  of 
atmofphere,  ten  and  fifteen  times  in  a  minute.  This  per¬ 
fection  of  workmanihip  has  procured  to  England  a  great  ex- 

4-  portation 
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portation  of  cylinders,  pipes,  & c.  to  many  parts  of  Europe 
and  America.  At  Liege,  and  in  the  Netherlands,  they  ufed  one  of  pieces 
to  have  their  cylinders  from  England;  but,  being  very  ex- t0* 
pen  five  from  the  duties  and  carriage,  &c.  the  induftrious 
PotTon,  at  Liege,  with  his  fmall  foundry,  found  means  to 
make  cylinders  of  three  pieces  (crewed  together,  which  he 
bored,  and  made  them  ferve  as  well  as  if  they  were  of  one 
piece.  I  have  feen  one  work  as  well  as  can  be  defired. 

In  1752,  Monlieur  Rivatz,  a  Swifs  gentleman,  made  a  Rivatz,  1752, 
tire-engine  on  Savory’s  principles  for  the  Chevaiier  Nugue, 
at  Nogent  fur  Marne,  two  leagues  from  Paris;  the  apparatus 
to  make  the  engine  work  itfelf  was  of  his  invention,  and  per¬ 
formed  very  well ;  his  boiler,  however,  being  out  of  propor¬ 
tion,  the  man  who  attended  the  work  was  much  hurt  by  the  , 
explofion  of  the  fleam,  which  dilcredited  the  machine,  though 
well  contrived  in  every  part  except  the  boiler. 


Next  folloivs  the  Account  of  the  Author’s  oxvn  Works. 


XXII. 

Obfervations  and  Communications  on  the  Dry  Rot  in  Timber , 
made  to  the  Society  for  Encouragement  of  Arts*. 

The  mifehief  arifing  in  buildings  from  that  decay  of  the  Introdu&ory  re- 

timber  and  wood-work,  known  in  general  by  the  name  of  Ike  Arts. 

Dry  Rot,  has  been,  and  yet  continues  fo  great,  as  to  demand 

every  attention  for  its  prevention.  In  the  XII th  Volume  of 

the  Transactions  of  the  Society  of  Arts,  publifhed  in  (he  year 

1791,  will  be  found  fome  valuable  facts,  furnitlied  by  Robert  Robert Batfon, 

Batfon,  Efq.  of  Limehoufe,  refpecting  the  methods  he  took  to  of  curing  the  dry 
prevent  this  evil,  in  one  of  his  rooms  greatly  affedted  by  it.  rot. 

The  plan  he  adopted  was,  to  charr  the  ends  of  his  timbers,  to 
take  aw'ay  the  infected  earth  to  the  depth  of  two  feet,  and  to 
fill  up  that  (pace  with  anchor-fmiths’  allies,  or  allies  from  a  foun¬ 
dry,  before  his  flooring-boards  were  laid.  On  the  15th  of  May, 

1794,  which  was  upwards  of  fix  years  after  the  flooring  was 
laid,  as  above  mentioned,  a  minute  examination  of  the  boards, 
wainfeot,  and  timbers,  was  made  in  the  prelence  of  a  Com- 

*  Extracted  from  their  Tranfadtions,  Vol.  XXI. 
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mittee  of  the  Society,  and  they  were  all  found  entirely  free  from 
any  appearance  of  the  Rot.  To  inveftigate  the  matter  more 
fully,  a  further  inquiry  has  been  made  in  June,  1803,  and  an 
anfwer  received,  that  there  has  been  yet  no  appearance  of  the 
Dry  Rot  there;  the  Society,  therefore,  think  it  may  be  of  con. 
fequence  to  notice  the  fa6t,  and  to  infert,  in  the  prelent  Volume, 
fome  other  papers  with  which  they  have  been  favoured  upon 
the  fubjedt.  They  contain  many  hints  deferving  public  atten¬ 
tion,  and  which  will  doubtlefs  tend  to  check  the  progrefs  of 
this  evil. 


Letter  from  Ben  j .  Johnson,  Efq.  on  the  fame  Subject. 


To  CHARLES  TAYLOR,  Efq. 


SIR, 


It  is  a  plant. 


Account  of  a  SOME  time  between  1771  and  1773,  I  went,  at  therequeft 

pew  very  much  0f  a  friend,  to  the  Chapel  at  the  Lock-Holpital,  through  cu- 
affetted  by  the  .  -  ,  r  , .  ,  ,  ,  r  ,  , 

dry  rot.  riolity,  to  examine  a  pew  there,  that  had  frequently  been  re¬ 

paired  for  damages  by  the  dry  rot. 

After  ack)fe  invefligation,  we  found  that  it  was  the  operation 
of  a  plant,  whole  leaf  refembled  that  of  the  vine.  Wherever 
it  had  touched,  the  effe£t  of  its  poifonous  quality  got  through 
the  wood  to  the  paint,  w'hich  I  have  feen  a  mere  (kin.  I  pro- 
Peftroyedby  co-  pofed  to  cover  the  floor  with  bricks,  laid  in  mortar,  which  was 
vcring  the  accordingly  done.  I  called  twice  flnee,  the  laft  time  about 

ground.  feven  years  ago  ;  and  have  reafon  to  think  that  it  had  never  ap«* 

peared  again. 

Diy  rot  at  Mark-  The  next  opportunity  of  examining  it  carefully  wat  at  Mark- 
Hal1,  Hall,  in  Eflex,  the  feat  of  Mr.  Montague  Burgoyne.  In  a 

parlour  there  were  three  pillars  of  about  ten  inches  in 
diameter,  the  outwood  of  which  was  between  two  and  three 
inches  thick.  Two  of  them  were  eaten  through  in  lefs  than 
feven  years,  from  thebafes,  about  two  feet  upward,  within  the 
hollow,  and  were  as  rotten  as  if  it  had  been  the  effect  of  a 
The  plant  found,  hundred  years  Handing.  Mr.  Montague  Burgoyne’s  gardener 
was  a  botanift :  we  found  the  plant  where  I  dire<5tcd  him  to 
fearch  for  it ;  and  he  faid  it  was  the  Boletus  Lachrijmuns.  * 

At 

*  Some  authors  call  it  a  parafitical  plant;  and  it  is  fometimes  to 
be  found  with  the  willow  and  fallow  tribe,  but  this  is  not  to  the 

pu  rpofe. 
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At  another  time,  I  faw  it  in  a  houfe  at  Whitehall,  built  by  Another  in- 
Sir  John  Vanbrugh*  whole  nephew  then  lived  in  it.  The  houfe  j^ce  at  White- 
is,  I  think,  only  two  Itories  high;  the  plant  had  afcended  to  * 
the  upper  ftory,  committing  devaluation  on  the  wainlcot 
all  the  way.  It  will  deftroy  half-inch  deal  wainfcoting  in  a 
year. 

I  have  had  it  twice  in  houfes  I  inhabited,  one  in  Suffolk,  and  other  places, 
and  the  other  in  Gloueefterfliire.  I  bore  with  the  hilt;  in 
the  other  cafe,  I  undertook,  and  did  Hop  it  effectually. 

The  caufe  is  from  the  floor  being  laid  on  the  earth,  which  it  is  caufed  by 
has  been,  where  1  have  obferved,  of  a  gravelly  or  fandy  loam,  communication 
The  moilture  from  a  water-courfe  at  hand,  ora  North  af-earth; 
pe6t,  where  the  outer  wall  ftands  in  a  garden-bed,  fo  that 
the  rain  percolates,  are  great  encouragers  :  it  requires  moif- 
ture. 

It  never  rifes  in  the  middle  of  the  floor  ;  becaufe,  if  the  with  accefs  of 
feed  were  there,  it  could  not  germinate  for  want  of  air;  but  itair* 
is  eafy  to  fuppofe,  that  after  the  floor  is  (hrunk,  an  air  may  be 
created  between  that,  and  the  vacancy  between  the  wainscot 
and  outer  wall  fufficient  for  the  purpofes  of  vegetation. 

I  faw  an  inftance,  laft  fummer,  in  the  houfe  of  a  friend,  a 
ftudent  in  botany.  He  was  furprifed  when  I  told  him,  it  was 
a  vifit  from  a  plant ;  but  fo  it  proved,  and  always  is,  and  ever 
was  fo  ;  nor  does  it  originate  from  any  other  caufe. 

In  my  own  cafe,  I  removed  the  original  foil  near  the  part  Procefs  of  cure, 
affected,  and  fupplied  its  place  with  fand.  I  then  placed 
pieces  of  tile;  on  thofe  I  laid  mortar,  and  tilesover  them,  pufhing 
them  under  the  wainfcot,  fo  that  it  had  no  communication  with 
the  joifts  or  floor.  Pillars,  in  like  manner,  fliould  be  kept  from 
the  earth. 

In  laying  a  floor  upon  the  ground,  I  fliould  take  away  the 
earth  fora  foot  in  breadth,  and  four  inches  in  depth,  all  round 
the  walls,  and  place  the  ends  of  the  joifts  in  mortar,  covering 
them  with  tiles  preffed  under  the  floor  and  wainscot,  quite  to 
the  outward  wall.  Iron  or  tin  plates  would  do,  but  are  not  fo 
cheap  as  mortar  and  tiles. 


purpofe.  Till  within  a  few  months  I  have  never  been  without  fome 
leaves  of  the  plant.  For  many  years  they  appear  exhaufted  and 
dead,  and  foon  crumble  into  duft;  but  I  fufpeft  that  frefli  wood 
attracts  a  frelh  growth  from  the  root, 


This 
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The  plant  does 
not  run  except 
along  wood. 


What  are  the 
nature  of 
marles,  their 
fpecies.  and  the 
bed  modes  of 
ufing  them  ? 


Their  external 
characters  ne- 
cefi'ary  to  be 
known. 

Sheep  liable  to 
the  vertigo  or 
dunt. 

In  France, 
900,000,  or 
950,000,  that 
is  3  or  4  in  100 
die  of  it  yearly. 
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This  plant  has  no  adhefive  powers,  but  in  conladt  with 
wood.  If  it  could  pafs  over  brick  or  mortar,  it  might  be 
Teen  to  fpring  from  the  cellars,  and  infedt  halt  the  houles  in 
the  kingdom. 

In  fhort,  the  wainfcot  is  to  be  kept  free  from  contact  with 
the  joids  and  floor  ;  and  1  believe  it  cannot  be  better  effected 
than  I  have  defer ibed. 

I  am,  SIR, 

Your  obedient  Servant, 

Dec.  21,  1799.  BENJAMIN  JOHNSON. 

To  the  Secretary. 

(To  be  continued.) 
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Society  of  Agriculture,  Commerce,  and  Arts ,  at  Boulogne-fur - 

Mer* 

*11  PIE  following  queflions  propofed  by  this  fociety  are  noticed 
as  of  general  and  not  local  import. 

1.  It  is  generally  acknowdedged,  that  marling  is  one  of  the 
mod  important  means  of  improving  land;  accordingly  the  fo¬ 
ciety  will  beflovv  a  prize  on  the  memoir,  in  which  the  nature 
of  marles,  their  various  fpecies,  and  the  mod  advantageous 
mode  of  ufingthem,  according  to  the  difference  of  foils,  dull 
be  bed  unfolded. 

The  author  will  be  particularly  careful  to  point  out  to  farmers 
external  characters,  that  will  enable  them  eafily  to  didinguifh 
each  fpecies  of  marie. 

2.  Sheep  are  fubjedt  to  a  diforder  known  by  the  name  of 
vertigo ,  or  the  dunt*  The  number  that  die  of  this  difordcr 
may  be  edimated  without  exaggeration,  at  three  or  four  in  a 
hundred  annually.  If  then  there  be  about  thirty  millions  in 
France,  we  may  reckon,  that  nine  hundred,  or  nine  hundred 
and  fifty  thoufand  are  thus  lod  every  year.  It  is  occafioned 
by  a  hydatid  formed  in  the  head  of  the  flieep.  This  hydatid 

*  Magazin  Ency  elope  clique.  No.  3.  June,  1803-  p.  40 1  * 

contains 
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contains  an  extremely  limpid  water,  and  a  white  fubffance, 
divided  as.  if  into  grains,  which  have  been  found  by  the  mi- 
crofeope,  to  be  real  worms.  It  appears,  that  to  cure  this 
dilorder,  the  head  of  the  fheep  mull  neceffarily  be  opened, 
and  the  hydatid  extricated  :  but  this  operation  has  hitherto 
appeared  lo  hazardous,  and  has  been  attended  with  fo  little 
fuccefs,  even  in  the  veterinary  fchool  at  Alfort,  that  the  Society 
has  deemed  it  highly  important  to  the  fcience  of  agriculture, 
to  offer  a  prize  to  the  perfon  who  ffiall  point  out  the  beff  me¬ 
thods  of  treating  the  vertigo  of  (beep,  and  curing  them  per¬ 
fectly  of  this  diforder.  He  will  take  care  that  his  method  be 
fupported  by  experiments  made  with  accuracy,  and  confirmed 
by  unqueffionable  teffimony. 

The  prizes  will  confift  of  medals,  which  the  fociety  will 
deliver  at  the  public  meeting,  on  the  28th  of  April,  180k 


Cryftaliization  of  Lime  by  Tromfdorjf \  denied  by  Berthollet. 

In  the  firff  volume  of  the  o£lavo  feries  of  this  Journal,  p. 
.302,  is  inlerted  “  A  method  of  cryftallizing  lime,  by  Profeffbr 
TromfdorfF,”  tranflated  from  the  Journal  der  Pharmacie,  Vol. 
IX.  part  I.  p.  108.  The  fame  procefs  is  alfo  in  Van  Mons's 
Chemical  Journal,  No.  II.  According  to  which,  muriate  of 
lime  is  to  be  boiled  with  one  fourth  or  even  lefs  of  cauftic  lime, 
and  the  fluid  is  to  be  concentrated.  Afterwards,  by  flow  eva¬ 
poration,  long  flender  cryftals  of  cauftic  lime  are  obtained, 
which  are  to  be  freed  from  the  adhering  muriate  by  ablution  in 
alcohol. 

This  refult  is  denied  by  Berthollet,  who,  in  his  EJfai  da 
Statique  Cldmique,  Vol.  1.  p.  350,  fays,  f‘  I  have  repeated  this 
experiment,  and  have  afeertained  that  thefe  cryffals  were  not 
lime,  as  has  been  announced,  but  muriate  of  lime  with  an  excefs 
of  limed *  He  continues,  **  if  thefe  cryffals  be  treated  with 
water,  other  proportions  are  effabiifhed;  the  part  which  di(- 
folves  is  the  muriate,  which  retains  but  a  finall  excefs  of  lime, 
and  the  portion  which  is  not  diffolved  retains  a  greater  excefs 
of  lime;  by  adding  water,  fucceffive  feparations  may  be  ob¬ 
tained,  and  the  proportions  will  depend  on  the  relation  of  the 
diflfolving  force  to  the  refiffajrce  of  the  cohefion/’ 
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Caufed  by  a  hy¬ 
datid  in  the 
head. 


Its  extraction 
dangerous. 


What  is  the  beft 
method  of  treat¬ 
ing  it  ? 


Error  refpe£ting 
the  cryftaljiza- 
tion  of  lime. 


Converfion 
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Clofh  wetted 
with  fait  and 
wat-r,  uf-d  in 
the  galvanic  pile, 
is  converted  into 
foap  of  wool  j 
the  muria  e 
being  decoin- 
pofed  by  the 
zinc,  which  is 
oxhied,  and  the 
foda  combi  wing 
with  the  wo  il. 


Converfion  of  Pieces  of  Cloth  impregnated  < with  a  Solution  of 

Salt  into  Soap  of  Wool,  by  the  Action  of  the  Galvanic  Pile. 

By  Brugnatelli. 

I  HAVE  examined  the  lingular  alteration  produced  in  the 
bits  of  cloth  wetted  with  afolutionof  fait,  interpofed  between 
the  difks  of  copper  and  zinc  arranged  in  the  pile,  and  I  have 
found,  that  they  are  at  length  converted  entirely  into  foap  of 
wool. 

On  this  occafion  the  muriate  of  foda  is  deconapofed  by  the 
zinc,  that  is  continually  undergoing  oxidation,  and  the  foda, 
feparated  by  this  decompoiition,  attacks  the  wool,  and  forms 
with  it  foap. 


THE  Work  of  Mr.  Parkinfon,  of  Hoxton,  on  the  organic 
remains  of  the  former  world,  is  in  confiderable  forwardnefs. 
The  hrfl  part  on  the  foffils  of  the  vegetable  kingdom,  illuf- 
trated  with  coloured  plates,  in  quarto,  is  propofed  to  be  pub- 
limed  on  the  fir  ft  of  June  next. 
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Emerfon,  Mr.  292 

Englefield,  SirH.  C.  on  Some  remarkable 
ftrata  of  flint  in  a  chalk  pit  in  the  Ifle  of 


Wight,  183 — Account  of  the  occulta- 
ti  in  of  a  fixed  ftar  by  Mars,  198 — Ad¬ 
ditional  observations  on  the  ilrata  of 
flint  in  the  Ifle  of  Wight,  242 
Erman,  Mr.  28S 

Eftential  oils,  method  of  reftoring  when 
rancid,  68 

Ether,  experiments  on  the  evaporation  of, 
11  Its  utility  in  purifying  rancid  ef- 
lential  oils,  68 

Evaporation,  definition  and  theories  of, 
5 — ^  water,  is  proportional  to  the  foice 
of  vapour  at  fimilar  temperatures,  8—* 
Table  of,  ic— Of  fpirits,  ether,  &c. 
follows  the  fame  laws  as  water,  13—- 
Of  mercury,  &c.  15 — Is  the  fame  be¬ 
low  the  point  of  congelation  as  above  it, 
ib. — De  Sauflfure’s  theory  of,  16 
Expiofions  of  different  fulminating  pow¬ 
ders,  method  of  comparing,  77 

F. 

Fabroni,  34 

Farcy,  Mr.  on  the  fiery  meteor  of  Nov. 

13,  and  on  other  fubjeCIs,  66 
Fafcination  by  rattle-flukes  and  other  fer- 
pents,  memoir  on,  270 — Defeription 
of  the  fuppofed  procefl,  272 — Is  denied 
by  the  Indians,  274 — Examination  of 
the  opinions  refpedling,  283 
Ferment,  or  fermenting  principle,  opi¬ 
nions  refpedfing,  34^ — Experiments  to 
uilcover,  35 — Is  cf  an  animal  nature, 

36 —  Is  analogous  to  the  Yeaft  of  beer, 

37 —  Chemical  properties  of,  39 — The¬ 
ory  of  its  adfion,  42 

Fermentation,  vinous,  memoir  on,  33— 
Seguin’s  theory  of,  43 
Fixation  of  volatile  bodies,  inftances  of, 
101 

Fixed  Aar,  occuitation  of  one  by  the  pla¬ 
net  Mars,  198 
Flaugergue,  203 

Fleming’s,  Mr.  experiments  on  the  co¬ 
louring  properties  of  chay  root,  295 
Flints,  observations  on  fome  remarkable 
L>  2  ftrata 
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itrata  found  in  a  chalk  pit  in  the  Ifie  of 
Wight,  i S 3 — Additional  obfervations, 

242 

Fly-wheel,  enquiries  refpeCting  Mr. 

Woolf ’s  fubftitute  for,  67,  133 
Fourcroy,  118 

Fruits,  the  engrafted  varieties  not  perma¬ 
nent,  227 — Procefs  for  raifing  and  en- 
creafmg  new  varieties,  22S — Fadls  rc- 
fpcCting  their  permanence,  230 
Fulminating  muriate  of  filver,  prepara¬ 
tion  of,  285 

- - powder,  dangerous,  77 

Furnace,  defeription  of  a  new  wind,  119 

G. 

Galvanic  pile,  fccondarv,  289 — With  ice, 
303 — With  air  interpofed  inftead  of  wet 
bodies,  305 — Its  aCtion  on  cloth  difks, 
32° 

Galvanifm,  laws  of  its  aCtion  in  the  com- 
buftion  of  metals,  207 — Propofed  ap¬ 
paratus  for  encreafing  its  power,  269 — 
Abft'raCt  of  Mr.  Ritter’s  memoir  on, 
288 — Its  adlion  on  cloth  difks  converts 
them  into  foap  of  wool,  320 
Gafes,  on  the  expanfion  of,  by  heat,  5 

- - mixed,  fcheme  for  fnowing  their  dif- 

tribution  in  the  atmofphere,  17 
Gaflendi,  199 

Glafs- tubes,  on  the  efflorefcence  and  de- 
compofition  of,  306 
Gmelin,  278 

Gough,  Air.  on  the  art  of  writing  in  the 
dark,  53 

Gravity,  fpecihc,  of  compounds,  inflanccs 
of  anomalies  in,  100 
Gridiron  pendulum  rods  of  lead  and  iron, 
300 

Gum  Arabic,  propofed  fubftitute  for,  30 

- Kuteera,  defeription  and  pi operties 

of,  301 

Gun,  to  throw  double-headed  fhot,  en¬ 
quiries  rcfpc&ing,  146 
Guyton,  63 


H. 

Hail,  figns  of,  154 

Haficnfratz’s  firft  memoir  on  coloured  fha- 
dows,  23 

Hatchalt,  C.  Efq.  91,  159 
Hawkins’s,  Mr.  J.  J.  account  of  the  in¬ 
vention  of  a  compound  barrel  and  winch, 
and  its  application  on  a  large  fcale,  267 
Heavenly  bodies,  general  obfervations  on, 
210 

Heckevveldcr,  Mr.  274 
Helcanthus  annus,  its  cultivation  recom¬ 
mended,  128 

Herfchell,  Dr.  202 — On  the  relative  po¬ 
rtions  of  double  ftars,  210,  252 
Home’s,  Mr.  obfervations  on  the  ftruc- 
ture  of  the  tongue,  47 
Hornblower,  Air.  account  of  his  machine 

ft 

for  fweeping  chimnies,  246 
Howard,  Edward,  Efq.  159 
Huddart,  Jofeph,  Efq.  defeription  and  ufc 
of  his  ftation  pointer,  1 
Hunter,  Air.  W\  51 
Hay  gins,  143 

Hyacinthus  non  feriptus,  preparation  of, 
as  a  fubftitute  for  gum  Arabic,  30 
Hydraulic  apparatus,  eafy  method  of  mak¬ 
ing  the  joints,  air-tight,  191 
Hygrometer,  De  Saufiure’s,  not  to  be  de¬ 
pended  on  in  fome  cafes,  16 

I. 

Ice,  experiments  on  the  evaporation  of, 
15 — Conjectures  refpeCting  its  forma¬ 
tion  in  the  caverns  of  Giace-Dieu,  44 
— Galvanic  experiments  with,  303 
Jewelled  holes  not  beneficial  to  time-keep¬ 
ers,  205 

Image  in  a  concave  fpeculum,  and  in  a 
concavo-convex  mirror,  enquiries  re¬ 
lative  to  the  place  of,  71,  236 
Ink,  utility  of  keeping  cotton  in  it,  240 
InfeCts,  figns  of  the  weather  from,  150 
Inftrument  for  giving  the  fun’s  place  by 
two  horizontal  angles,  1 


Johnfon, 
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John  fan,  B.  Efq.  on  the  caufe  and  cure 
of  the  dry  rot,  316. 

• - Dr.  278 

Jones,  Mr.  on  Dr.  Wollafton’s  fpeflacle- 
glaffes,  192 

Iron  and  lead  employed  in  the  conftru&ion 
of  gridiron  pendulum  rods,  300 

Me  of  Wight,  geological  account  of,  183 


Kalm,  Prof.  27 2 
Kennedy,  Dr.  119 

Klaproth’s  chemical  examination  of  a 
new  vegetable  fait  and  acid  found  in 
the  mulberry,  129 — On  the  application 
of  platina  on  porcelain,  286 
Knife,  a  large  one  moll  ufeful  in  making 
a  pen,  300 
Knight,  F.  A.  Efq. 

Kuteera,  gum,  defcription  and  properties 
of,  301 

L. 

Lalande,  on  the  meafure  of  a  degree  of 
the  earth  in  Lapland,  76,  220,  256 
Lampadius,  118 
Lavoifier,  33 

Lead  and  iron,  employed  in  the  condruc- 
tion  of  gridiron  pendulum  rods,  300 
Leech,  figns  of  the  weather  from,  156 
Lever  fire  engine,  invent  on  of,  314 
Light,  variety  of  tints  in  the  lhadows  pro¬ 
duced  by  two,  23 — Flalhes  of,  during 
fnow,  57 

Lime,  does  not  crydallize,  319 
Linnaeus,  his  opinion  of  the  fafcinating 
powers  of  fome  animals  denied,  278 
Liquids,  fermenting,  effects  of  thunder 
on,  122 

Longitude,  its  determination  by  time¬ 
keepers  fuperior  to  any  other,  203 

M. 

Machine,  ele£lrical,  improvement  in,  124 

advantages  of,  126 

•  * 


Machine  for  fweeplng  chimnies  by  a  blaft 
of  air,  246 

M‘Kean,  the  inventor  of  a  compound 
barrel  and  winch,  267 
Macquer,  33 

Maries,  queftion  refpefting  the  nature, 
fpecies,  and  ufes  of,  318 
Mars,  occultation  of  a  fixed  liar  by,  19? 
Martin,  292 
Mafkelyne,  Dr.  253 
Mather,  Dr.  274 

Meafures  and  weights,  on  the  expediency 
of  reducing  the  foreign  to  Englifib,  77 
Mechain,  76 

Mercury  is  evaporab’e,  15 — Method  of 
uniting  it  with  platina,  92 — Its  fixa¬ 
tion  in  palladium  accounted  for,  100 
Metals,  a  new  one  difcovercd  in  the  ore 
of  platina,  76 — Method  of  obtaining, 

1 17 — Experiments  to  prove  affinity 
among,  176 — General  conclufions,  180 
— Laws  of  their  combuftion  by  galva- 
nifm,  207 — New  apparatus  to  produce 
this  effedl  on,  269 

Meteor,  fiery,  of  Nov.  13,  enquiries  re- 
fpedling,  66 

Mills,  final],  in  Portugal,  298 
Mirrors,  queries  refpedLng  the  images  ex¬ 
hibited  by  different,  71,  236 
Mills,  figns  of  the  weather  from,  153 
Mixture  and  combination,  differences  be¬ 
tween,  98 

Moilture  not  neceffary  in  galvanifm,  305 
Moon,  figns  of  the  weather  from,  15 1 
Moroxylate  of  lime,  chemical  examination 
of,  132 

Motion,  tremulous,  one  of  the  caufcs  of 
fermentation,  123 

Movement,  repeating,  for  clocks  and 
watches,  a  new  and  fimple  one,  157 
M  oura,  Mr.  314 

Muriate  of  lime  is  evaporabie,  15 
. -  of  filver,  fulminating,  prepara¬ 

tion  of,  285 

- of  tin,  the  raoft  delicate  tell  of 

platina,  178 


Natura 
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N. 

Natural  philofophy,  qucftion  receding  its 
progrefs,  i6o 

Newcomen  and  Cowley’s  atmofpheric  en¬ 
gine,  313 

Newton,  Sir  I.  102 

O. 

Oaks,  great  importance  of  the  culture  of, 
37— Are  erroneoufiy  fuppofed  to  be  of 
flow  growth,  18 — Their  magnitude  may 
be  doubled  by  culture,  19 — Practical 
directions  for  their  management,  ib.— 
Proofs  of  its  fuccefs,  2a 

Occupation  of  a  fixed  ftar  by  the  planet 
Mars,  198 

Oils,  probably  decompofe  water  and  air, 
123 — Rancidity  promotes  their  union 
with  mercury,  ib. — EffeCts  of,  in  time¬ 
keepers,  204— Action  of  cold  on,  205 
— -  effential,  procefs  for  purifying  them 
when  rancid,  68— Theoietic.il  fpecula- 
tion,  69— Subfequent  experiment,  70 

Olbers,  Dr.  his  merit  as  an  aflronomer, 

*59 

Optical  queftions,  71,  236 

P. 

Palladium,  reward  for  the  artificial  pro¬ 
duction  of,  75,  159— Prefumed  to  be 
an  alloy  of  the  new  metal,  difeovered  in 
the  ore  of  platina,  with  mercury,  76- 
Enquiries  concerning,  85 — General  pro¬ 
perties  of,  86 — Chemical  examination 
of,  87 — Specific  gravities  of  its  alloys, 
S9— Beautiful  red  folution  in  acids,  90 
— Comparifon  with  other  metals,  91 — 
Is  an  alloy  of  platina  and  mercury,  ib. 
— Synthetical  proofs,  92 — General  in¬ 
ferences,  96— Its  analyfis  extremely 
difficult,  97 — Analytical  experiments, 
98— Objections  to  the  name,  99 — 
French  opinion  rcfpeCting  its  compofi- 
tion,  118 


Paper,  advantngeoufly  employed  as  a  rub¬ 
ber  for  elcCtrical  machines,  126 
Papin,  excellence  and  utility  of  his  di- 
gefter,  161 — Improvement  in  the  mode 
of  doling  it,  162 — His  ftcam  engine, 

311 

Parkinfon,  Mr.  320 

Pafteboard,  its  ufe  in  the  galvanic  pile, 
288,  303 

Peale,  Mr.  C.  W.  284 
Pendulum  rods  of  lead  and  iron,  300 
Pen-knife,  a  large  one  moft  ufeful,  300 
Pennant,  Mr.  279 
Pepys,  Mr.  96 

Perifcopic  fpeCtacles,  propofed  as  a  reme¬ 
dy  for  the  defeCts  in  common  ones,  146 
—Objected  to,  192 — Experiment  prov¬ 
ing  the  advantages  of,  241 — Obferva- 
tions  on,  291 

Philofophy,  natural,  queftion  rcfpeCting 
its  progrefs,  160 

Phofphorus  and  fulphur,  method  of  unit¬ 
ing  without  danger  to  the  operator,  58 
Picket,  6 

Pile,  galvanic,  the  fecondary  differs  from 
the  common  only  in  intenfity,  289— 
With  Ice,  303 — With  air  interpofed 
inftead  of  wet ..  bodies,  305 — Its  aCtior* 
on  cloth  d'.Iks,  320 
Pifo,  277 

Platina,  a  new  metal  difeovered  in  its  ore, 
76,  1 17 — Method  of  uniting  it  with 
mercury,  92 — Experiments  on,  178 — ■ 
Muriate  of  tin,  the  moft  delicate  teft, 
of,  179 — ’Order  of  its  affinity  with  the 
acids,  180 — Application  of  it  on  porce¬ 
lain,  286 

Playfair’s,  Mr.  inveftigation  of  theorems 
relative  to  the  figure  of  the  earth,  67, 
102,  177 

Porcelain,  procefs  for  applying  platina  on 
it,  287 

Potter,  Humphrey,  314 

Powder,  dangerous  fulminating,  77 

Prcfs  w'ith  a  double  ferew,  defeription  of, 

51 

Principle, 
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Principle,  fermenting,  opinions  rfcfpeCting 
34 — Experiments  to  difcover  it,  35 — Is 
of  an  animal  nature,  36 — Chemical 
properties  of,  39 — Theory  of  its  ac- 
tion,  42 

Prize  adjudged  by  the  National  Inditute,  ( 

1 59 

— —  for  the  artificial  production  of  pal¬ 
ladium,  75,  159 
Prognoftics  of  the  weather,  148 
Proud  on  a  dangerous  fulminating  pow¬ 
der,  77 

Prufliate  of  potafli,  aCtion  of  alcohol  on, 
285 

Pump  with  a  double  plunger,  defeription 
of,  52 

Queftions,  optical,  71,  236 
— - prize,  159,  160,  31S 

R. 

Rain,  figns  of,  149,  154 
Rainbow,  figns  of  the  weather  from,  1 52 
Rattle-fnake,  memoir  on  its  fafeinating 
qualities,  270  —  Is  held  in  veneration  by 
fome  North  American  Indians,  275 
Repeater,  conftruCtion  of  a  fimple,  167 
Ritter,  Mr.  abftraCt  of  his  memoir  on  gal- 
vanifm,  288 
Rivatz,  315 

Roover’s  de,  method  of  reftoring  rancid 
eflential  oils,  68 
Rouelle,  33 
Roy,  Gen.  108 

Rubbers  for  eleCtrical  machines,  improve¬ 
ment  in,  125 

S. 

Sade,  Chev.  de,  on  the  extindl  volcanoes 
in  the  environs  of  Coblentz,  136 
Safety  valve  for  digefters,  164 
Salt,  chemical  examination  of  a  new  one 
obtained  from  the  mulberry,  129 


Savery’s  deam  engine,  312 
Schnaubert’s  new  method  of  preparing 
pure  Gallic  acid,  74 

Scoteography,  or  art  of  writing  in  the 
dark,  53 

Screw,  double,  account  of,  5 1-— -Its  uti¬ 
lity  in  meafuring,  52 
Seafons,  peftilential,  figns  of,  156 
Seguin,  43 

Serpents,  American,  memoir  on  their  faf¬ 
einating  faculty,  270 
Shadows,  coloured,  memoir  on,  23- 
Variety  of  the  tints  produced  by  two 
lights,  ib. — Complementary  colours  of, 
24 — Are  probably  occafioned  by  the  na¬ 
ture  of  the  combuftible,  28 — Summary 
of  the  experiments  on,  29 
Sharplefs,  Mr.  defeription  of  his  appara¬ 
tus  for  railing  water,  298 
Shaving,  obfervations  on,  240 
Sheep,  queftion  refpeCting  the  bed  mode 
of  treating  the  vertigo  in,  318 
Shot,  double-headed,  probable  effeCts  of 
the  ufe  of,  147 
Signs  of  the  weather,  148 
Silver,  preparation  of  a  fulminating  mu¬ 
riate  of,  285 — Its  application  on  porce¬ 
lain  unfuccefsful,  286 
Sky,  queries  refpeCting  its  figure,  71,  239 
Sloane,  Sir  H,  283 
Smith,  Dr.  143,  292 

- Dr.  J.  E.  279 

Snow,  flalhes  of  light  during,  57 
Soap  of  wool,  produced  by  the  aCtion  of 
the  galvanic  pile,  320 
Sound,  chemical  aCtion  of,  122 
SpeClacles,  improvement  in  the  form  of 
the  glalfes,  143 — 'Notice  of  the  various 
attempts  at  improving,  194— Have  not 
been  fo  much  attended  to  as  other  op¬ 
tica!  indruments,  291 
Speculum,  concave,  queries  refpeCting  the 
place  of  the  image  in,  71,  236 
Spirits,  experiments  on  the  evaporation 
of,  13 
Stahl,  33 

Stars, 
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Stars,  fign>  of  the  weather  from,  152 
Account  cf  the  changes  in  the  relative 
pofition  of  double,  210,252 — Theory 
of  the  motion  of,  211 — Obfervations 
and  inferences  refpe&ing  the  changes  ot 
their  relative  fituation,  2*4 
Station  pointer,  delcription  and  ufe  of,  1 
Steam,  its  full  application  to  mechanilm, 
311 

—  ■  ■ — digeflcr,  a  new  one,  1 6 1 
— — engine,  enquiries  concerning,  310 
Steel,  Damafcus,  experiment  to  imitate, 
120 

Stockwell,  Mr.  on  the  properties  of  the 
chay  root,  294 

Stodart,  Mr.  on  the  fabrication  of  Da¬ 
mafcus  fword  blades,  120 
Stru&ures,  three  mechanical,  not  com¬ 
monly  noticed,  50 

Sulphur  and  phofphorus,  method  of  unit¬ 
ing  without  danger,  58 
Sun,  the  figns  of  the  weather  from,  150 
Sun-flower,  its  cultivation  recommended, 
128 

Sweeping  chimnies  by  air,  apparatus  for, 

246 

Symonds,  Dr.  309 

Syphon-engine  for  fnpplyjng  worm -tubs, 

191 

T. 

Table  of  the  force  of  vapour  and  of  the 
evaporating  force  at  different  temper¬ 
atures,  11 

Thaw,  figns  of,  155 

Thenard’s  memoir  on  vinous  fermentation, 
33 — Difcovery,  of  a  blue  equal  to  ultra- 
marine,  76 

Theorems  relative  to  the  figure  of  the 
earth,  67,  102,  167 
Thompfon,  Dr.  89 

Thunder,  its  effe&s  on  beer  and  cream, 
occafioned  by  tremulous  motion,  122 
—Signs  of,  155 


Timber,  oak,  obfervations  on  the  Cul¬ 
ture  and  growth  of,  17 
Time- keepers,  are  advantageoufiy  em¬ 
ployed  in  finding  the  longitude,  203 — - 
Jewelled  holes  injurious  to,  204 
Toad,  its  fafeinating  power  denied,  279 
Tongue,  obfervations  on  its  ftrudlurc,  47 
— Hiftory  of  a  cafe  in  which  a  portion 
was  fuccefs fully  removed,  48 — Little 
irritability  of  its  internal  ftru&ure,  49 — 
Great  advantage  of  this  knowledge  in 
cancerous  difpolitions,  50 
Tromfdorff,  Prof.  319 

U. 

Ultramarine,  difcovery  of  a  blue  equal  to, 
76  .  ' 

Urine,  diabetic,  undergoes  fermentation, 

37 

v. 

Valve,  fafetv,  for  digefters,  164 
Van  den  SanJe  on  the  efflorefeence  and 
decompofition  of  glafs  tubes,  306 
Van  Mons,  118 

Vapour,  atmofpheric,  experiment  to  de¬ 
termine  its  force,  9 

- —  aqueous,  is  proportional  to  the 

evaporation  at  fimilar  temperatures,  8 — 
Caufe  of  the  inaccuracy  in  De  Sauf- 
fure’s  table  of  the  weights  of,  16 
Varnifh  for  the  plates  of  eledlrical  ma¬ 
chines,  125 
Vauquelin,  63,  11S 
Vegetable  fait  and  acid,  new,  129 
Vertigo  in  ftieep,  caufed  by  an  hydatid  in 
the  head,  318 — Queftion  refpedlingthc 
beft  method  of  treating,  319 
Vinous  fermentation,  memoir  on,  33 
Volatile  bodies,  inftances  of  their  fix¬ 
ation,  101 

Volcanoes,  obfervations  on  thofe  extinft 
in  the  environs  of  Coblcntz,  136 
Volta,  288 
Vofmacr,  282 

Walker, 
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Walker,  Mr.  E.  on  the  heft  method  of 
afcertaining  the  dip  at  fea,  62 — On  im¬ 
provements  in  the  conftrudtion  of  time¬ 
keepers,  203 — On  fpe&acles,  and  par¬ 
ticularly  on  the  perifcopic,  291 
Water,  experiments  on  its  evaporation  at 
different  temperatures,  6— Its  effects 
in  the  operation  of  fliaving,  240 — Ad¬ 
vantages  to  be  derived  from  the  fall  of, 
298 

■  —  Damafcus,  enquiries  concerning 

the  appearances  on  fteel,  fo  called,  121 
Weather,  prognoftics  of  the,  14S 
Weights  and  meafures,  on  the  expediency 
of  reducing  the  foreign  to  Englilh,  77 
Wilkinfon,  Mr.  on  the  laws  of  galvanifm 
in  the  combuftion  of  metals,  206,  269 
Willis,  Mr.  on  the  preparation  of  a  fubfti- 
tute  for  gum  Arabic,  30 
Wilfon,  Dr.  220 
Wind,  figns  of,  149,  154 
Wind-furnace,  new  one,  119 
Winter,  Mr.  on  the  determination  of  the 
folar  year,  116 
Winter,  figns  of  hard,  156 
W.  N.  on  the  ufe  of  the  ftation  pointer, 
3— Account  of  three  mechanical  ftruc- 


tures  not  commonly  noticed,  50— On 
Mr.  Woolf’s  fubllitute  for  a  fly-wheel, 
67"*“And  on  the  fyphon,  68 — On  the 
ufe  of  doubled-hcaded  fhot,  347— An- 
fwers  to  optical  queries,  236 
Wolff,  on  the  improvement  of  the  elec¬ 
trical  machine,  324 

Wollafton,  Dr.  on  an  improvement  in  the 
form  of  fpedtacle  glaffes,  343 — Experi¬ 
mental  proof  of  its  advantage,  241,  292 
Woolf’s  rotatory  apparatus,  enquiries  re- 
fpe&ing,  67,  333 — Further  remarks 
on,  334 

Worcefter,  Marq,.  of,  313' 

Worm-tubs,  apparatus  for  fupplying  them 
with  water,  81,  391 
Woulfe,  67 

Writing  in  the  dark,  method  of,  53 

y. 

/ 

✓ 

Yates,  Rev,  Mr.  on  the  cultivation  and 
growth  of  oak  timber,  37 
Year,  folar,  on  the  determination  of  the 
length  of,  316 

Yeafl:  is  an  immediate  principle  of  vege« 
tables,  38 — Isfeldom  pure,  42 
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